Synthesis, characterisation and conformational studies of six membered platinacycles by Bryars, Karen Helen







A Thesis Submitted for the Degree of PhD at the University of Warwick 
 
Permanent WRAP URL: 
http://wrap.warwick.ac.uk/99332  
 
Copyright and reuse:                     
This thesis is made available online and is protected by original copyright.  
Please scroll down to view the document itself.  
Please refer to the repository record for this item for information to help you to cite it. 
Our policy information is available from the repository home page.  
 





























AND CONFORMATIONAL STUDIES OF 
SIX MEMBERED PLATINACYCLES
by
KAREN HELEN BRYARS, B.Sc. (Warwick)
Submitted in  p a r t ia l  fu lf ilm e n t o f  
the requirements fo r  the degree o f  
Doctor o f  Philosophy a t the 
U n ive rs ity  o f  Warwick









1 .2  METHODS FOR SYNTHESIS OF METALLACYCLOALKANES 2
1.2.1 An ion ic o r  C ation ic  A lk y la tio n  o f  Metal
Complexes 2
1 .2.2  In term o lecu la r In s e rt io n  o f  a Metal in to  a
Carbon-Carbon Bond 4
1 .2 .3  In tram olecu lar In s e rtio n  o f  a Metal in to  a
Carbon-Carbon Bond 5
1 .2.4  In s e r t io n  o f  an Alkene in to  a Metal-Carbon
Bond 5
1 .2 .5  C yc lom eta lla t ion  Reactions o f  Metal D ia lk y l
Complexes 6
1 .2.6  Coupling Reactions o f  Alkenes 8
1 .2 .7  Syn thesis  o f  Functionalised  M e ta lla eyc les  9
1 .3  STABILITY OF METALLACYCLOALKANES 12
1.4  X-RAY CRYSTAL STRUCTURES OF METALLACYCLOBUTANES AND
METALLACYCLOPENTANES 15
1 .5  REACTIONS OF METALLACYCLOALKANES 22
1.5.1 In tercon vers ion  o f  Metal w -A lly ls  and
M eta llacycloa lkanes 22
i i i .
1 .5 .2  Cyclopentanone Synthesis 24
1 .5 .3  C yc lod im érisation  o f  Alkenes 26
1 .5 .4  Alkene M etathesis 26
1 .5 .5  Alkene D im érisation  28
1 .5 .6  Ring Expansion and Ring C ontraction 29
1 .5 .7  Decomposition o f  P la tin acyclobu tanes to
g iv e  Alkene o r  Y lid e  Complexes 32
1 .5 .8  M etallacyclobutane Rearrangement 34
1.6 METALLACYCLOALKENES 36
1.7 SYNTHESIS AND REACTIONS OF METALLACYCLOBUTENES AND
METALLACYCLOBUTADIENES 37
1.8 SYNTHESIS OF METALLACYCLOPENTENES AND
METALLACYCLOPENTADIENES 41
1.9 REACTIONS OF METALLACYCLOPENTENES AND
METALLACYCLOPENTADIENES 44
1 .9 .1  C y c lis a t io n  Reactions 44
1 .9 .1 .1  C yc lo tr im e ris a tio n  o f  Alkynes 44
1 .9 .1 .2  Pyrid in e  Synthesis from Alkynes
and N i t r i l e s  45
1 .9 .2  M etallaborane Synthesis 47
1.10 X-RAY CRYSTAL STRUCTURES OF METALLACYCLOBUTENES,
METALLACYCLOBUTADIENES AND METALLACYCLOPENTADIENES 47
1.11 SYNTHESIS AND STRUCTURE OF METALLACYCLOPENTATRIENES 49
1.12 SYNTHESIS AND STRUCTURE OF METALLACYCLOHEXADIENES 51
1.13 SYNTHESIS AND STRUCTURE OF METALLACYCLOHEXATRIENES 53
1.14 AIMS OF PRESENT WORK 56
Page
CHAPTER WO
SYNTHESIS, CHARACTERISATION AND CONFORMATIONAL 
STUDIES OF SATURATED AND UNSATURATED SIX 
ICMBERED P LATINA CYCLES
2.1 CONFORMATIONAL STUDIES OF SATURATED AND UNSATURATED
SIX MEMBERED HETEROCYCLES 57
2 .1 .1  Saturated S ix  Membered H eterocyc les  57
2 .1 .2  Unsaturated S ix  Membered H eterocyc les  62
2 .1 .3  Aims and Scope o f  the Present Work 73
2.2 SYNTHESIS AND CHARACTERISATION OF SATURATED
PLATINACYCLOHEXANES 75
2 .2 .1  Synthesis o f  the 1 ,5-Dibromopentane
Precursors 77
2 .2 .2  Synthesis o f  the P latinacyclohexanes 80
2 .2 .3  Spectroscopic C haracterisa tion  o f
P latinacyclohexanes 81
2.3 CONFORMATIONAL STUDIES OF SATURATED PLATINACYCLOHEXANES 89
2 .3 .1  So lu tion N.M.R. Studies o f  [ ( P P h ^ P t iC H ^  ]
[ ( PPh 3) 2P t ( CH2CD2CH2CD2CH2 ) ] and
[ ( PPh 3) 2P t ( CH2CH2C ( CH3) 2CH2CH2)] 89
2 .3 .2  X-Ray C rys ta l Structu res o f  [ ( PMe_,Ph)2Pt(<5H2 )^





2 .5  SYNTHESIS AND CHARACTERISATION OF UNSATURATED
9, lO-DIHYDRO-9 PLATINAANTHRACENES 104
2 .5 .1  Synthesis o f  2 ,2 '-D ichlorod iphenylm ethane 105
2 .5 .2  Synthesis o f  9 , lO -D ihydro-9-Platinaanthracenes 106
2 .5 .3  Spectroscop ic C h aracterisa tion  o f  9 ,10-
D ihydro-9-Platinaanthracenes 108
2.6 CONFORMATIONAL STUDIES OF f (P E t ,)-P t (C .H itCH,C4:Hi, )  ] 1223 2  6 4 2 6 4 '
2 .6 .1  So lu tion  N.M.R. Stud ies o f
[(P E t3) 2Pt(C 6H4CH2C6H4)J  122
2 .6 .2  X-Ray C rys ta l S tru ctu re  o f
[ ( P E t3 ) 2P t ( CgH4CH2C6H4 ) ] 123
2.7  ATTEMPTED AROMATISATION OF [(PEt J -P tiC -H .C H -C -H J  ] 1283 2 6 4 2 6 4
2.8  SYNTHESIS AND CHARACTERISATION OF 
[(P E t3) 2I 2P t(C 6H4CH2ègH4 ) ] and [(d p pm ^ P tT if^ C H ^ C gH ^  130
2.9 CONFORMATIONAL STUDIES OF [ (P E t.j.I-P tiC .H -C H .C .H ,) ]  1343 2 2  6 4  2 6 4
2 .9 .1  S o lu tion  N.M.R. Stud ies o f
[(P «.t3 ) 2I 2P t(C 6H4CH2C6H4 ) ] 134
2 .9 .2  X-Ray C rys ta l S tructu re o f
i (P E t3) 2I 2P t(C 6H4CH2C6H4) ] 137
2.10 ATTEMPTED AROMATISATION OF [ (P E tJ ^ P t iC j^ C H J ^ H  J  ]3 2 2  6 4  2 6 4
AND [(dppm )I2P t(C 6H4CH2C6H4) ] 138
2.11 DISCUSSION 144
2.11.1 Conformational S tud ies  o f
1 (PE t3) 2Pt(C gH4CH2C6H4 )]and
144
V i.
2 .11 .2  Saturated and Unsaturated S ix  Membered 146
P la t in a c y c le s
2 .11 .3  Attempted Arom atisation 146
CHAPTER THREE
SIX ICMBERED CHELATE STABILISED ALCOHOL AND ALKOXD 
PLATINUM( 11) AM) PALLADIUM I I ) COMPLEXES 148
3.1 INTRODUCTION 148
3.1.1  Monodentate Oxygen Donor Complexes o f
P la t in u m (II )  149
3 .1 .2  Chelate S ta b ilis e d  Oxygen Donor Complexes o f
P latinum ( I I ) 153
3.2 SYNTHESIS AND CHARACTERISATION OF PLATINUM«II) AND
PALLADIUM«II) COMPLEXES OF Ph2PCH2CH2CH20H 158
3 .2 .1  Synthesis and C haracterisa tion  o f
Ph2PCH2CH2CH2OH 159
3 .2 .2  Synthesis and C haracterisa tion  o f  Bis-Phosphine 
Complexes o f  the Type [ MXX• (Ph2PCH2CH2CH20H) ^
« M«Pt o r  Pd) 159
3.3 SOME REACTIONS OF C ls -( PtCl_(Ph.PCH_CH,CH,OH)^l 164
3 .3 .1  Reaction o f  C ia-( PtCl.(Ph_PCH_CH_CH.OH) J
w ith  AgC104 164
3 .3 .2  Reaction o f  C is-t PtCl..« Ph.PCH.CH.CH.OH ) J
Page
w ith  PPhCl 165
v i i .
3.4 SYNTHESIS AND CHARACTERISATION OF BIS-ALKOXO CHELATE
COMPLEXES OF PLATINUM(II) AND PALLADIUM(II) 166
3.4.1  Synthesis and C haracterisa tion  o f  C is-
[ P t ( Ph2PCH2CH2CH20 ) 2 ] 166
3 .4 .2  Reaction o f  [PtC l(CH3) ( Ph2PCH2CH2CH20H) 2 ]
w ith  Sodium Methoxide 170
3 .4 .3  Reaction o f  [ PdCl2(Ph2PCH2CH2CH20H)2J with
Sodium Methoxide 170
3.5 SOME REACTIONS OF C IS - fP t (Ph_PCH.CH_CH.Ô).1  171
3.5.1  Reaction o f  C is -  [P t( PhJ»CH.CH_CH.6).1 w ith  HC1 171
3 .5 .2  Reaction o f  C is -  fP t ( Ph^PCH.CH.CH.O) .1 w ith  S02 172




SYNTHESIS AM) CHARACTERISATION Or ACETYLIDE COMPLEXES 
OP PLATINUM(II) OF THE TYPE M '^Pt(C5CR>4 ] 176
4.1 INTRODUCTION 176
4 .1 .1  Tetracyanoplatinum ( I I ) Complexes 178
4 .1 .2  P a r t ia l ly  O xid ised  Tetracyanop latinate
Complexes 180
4.2  AIMS AND SCOPE OF PRESENT WORK 182
SYNTHESIS OF COMPOUNDS OF THE TYPE M‘ 2[ Pt(C.*CR)4J 184
Page
4.3
v i i i .
4 .4  SPECTRAL CHARACTERISATION OF COMPOUNDS OF THE
TYPE M'2 (Pt(C5CR)4 J 185
4 .5  SOLUTION CHEMISTRY OF K ^ P tiC ïC P h jJ  and
K2 tPt(ClCBut ) 4 ] 189
4.6  X-RAY CRYSTAL STRUCTURE OF K ^ P tiC x C B u *^ ] 194
4 .7  X-RAY CRYSTAL STRUCTURE OF K2 (P t(C ïC Ph )4 ] i 96
4 .8  DISCUSSION 198
EXPERIMENTAL 200
GENERAL CHEMICAL PROCEDURES 200
E.2.1  PREPARATION OF PLATINACYCLOHEXANES AND
9.10-DIHYDR0-9-PLATINAANTHRACENES 202
E .2 .2  X-RAY CRYSTAL STRUCTURE DATA:
C rysta l S tru ctu re  Analysis o f  
[(PM e2Ph)2 Pt(CH2 ) 5 ] and
1( PH«2Ph 12Pt ( CH2CH2C ( CH3 ) 2CH2iH2 )] 220
C rys ta l S tru ctu re  Analysis o f  
[ ( PE 13 ) 2P t ( C6H4CH2C6H4 )1 and
I (  P * t3 ) j 1 (  C6H4CH2CaH4 )  ] 223
E .3.1  PREPARATION OF ALCOHOL- AND ALKOXO-
COMPLEXES OF PLATINUM(II) AND PALLADIUM«II) 227
E .4.1  PREPARATION OF ACETYLIDE COMPLEXES OF THE
TYPE M*2 (P t (C C  R )4 J 235
E .4 .2 . ELECTROCHEMISTRY OF K2 [Pt(C*CPh>4] AND 






1,5-COD c y c lo o c ta - 1 , 5-diene
C .I . Chemical Ion isa tion




dppe 1 ,2- b ia ( diphenylphosphino)ethane
dp pm b is ( diphenylphosphino)methane
E .I. E lectron  impact
Ep E lectrode  p o ten tia l
h hour
1 curren t






N.m.r. Nuclear magnetic resonance




m u ltip le t




2.1 Chair con form ation o f  cyclohexane 57
2.2 Boat con form ation o f  c en tra l r in g  o f  9 ,10-d ihydro-
anthracenes (X -  carbon o r  heteroatom ). 64
2.3 D ihedral angle e between planes
[C (9 ) , C (10 ), C ( l l ) ,  C (12)]
and [ C(8 ) , C (1 0 ),C (14 ),C<1 3 )] .  65
2 .4  Su bstituents R on meso p o s it io n s  9 and 10 may 
occupy pseu do-axia l (R ^ )  o r  pseudo-equatoria l
(Re q ) p o s it io n s . 66
2.5 Proposed planar tra n s it io n  s ta te  o f  r in g  rev e rsa l 
in  which R substitu en ts  a t meso p os itio n s  9 and 10 
may be sub jected  to  non bonded in tera c tio n s  with
th e p e r i protons on C ( l ) ,  C (4 ),  C (5 ) and C (8 ) .  69
2.6 T ra n s it ion  s ta te  o f  r in g  rev e rsa l o f  (2 .10 s ) where 
phenyl su b stitu en t l i e s  p a r a l le l  to  C (9 ) and C(10)
a x is .  72
2.7 1H n.m .r. spectrum (CDCl^, 270 RWz) o f
[ (PPh3 ) 2Pt(CH2 ) 5] .  82
2.8 1H n.m .r. spectrum (CDC13, 90 MHz) o f
( (PPh3 ) 2Pt(eH 2CD2CH2CD2CH2) ) .  82
2.9 3 1P -{*H  } n .m .r. spectrum (CDClj , 36.4 RHz) 
o f  [(PPh3 ) 2P t (2 H2 ) 5 J.
x i .
85
x i i .
2.10 A lip h a t ic  r e g io n  in  the 13C - ( } n .m .r. spectrum
(CDC13, 100.6 MHz) o f  [(PPh3 ) 2Pt(CH2 ) 5 ]. 87
2.11 Low temperature *H n.m .r. sp ec tra  (CHClgF ♦ CHC1F2>
400 MHz) o f  [ ( PPh3 ) 2P t( CH2CD2CH2CD2CH2)] . 90
2.12 Low temperature *H— {^ P  }  n .m .r. sp ec tra  
(CHClgF ♦ CHC1F2  , 400 N lz ) o f
[(Ph3P)2Pt(6H2CD2CH2CD2CH2) J. 91
2.13 The m olecule o f  [ (PMe2Ph)2Pt(^H2 ) 5] showing the atomic
numbering scheme (50% p ro b a b ility  e l l ip s o id s ) .  94
2.14 An end on v iew  o f  the p latinacyclohexane r in g  in
[ (PM.2Ph)2f t (5 H 2 ) 5] . 94
2.15 H a lf  ch a ir  (A ) and skew (B ) conform ations o f
p latin acyc loh exan e  r in g s . 97
2.16 The m olecule o f  [ ( PMe2Ph) 2P t( CH2CH2C( CH3 )2CH2<iH2 ) ]  
showing the atom ic numbering scheme (50%
p ro b a b ility  e l l i p s o id s ) .  99
2.17 An end on v iew  o f  the p latinacyclohexane r in g  in
( < P » 2Ph)2PtCCH2CH2C(CH3>2CH2eH2 > ) . 99
2.18 1H n .m .r. spectrum (CDC13> 400 MHz) o f
[ ( PE‘ 3 ) 2^ (C 6H4CH2d6H4) ] .  109
2.19 The r ig id  boat conform ation renders the two
methylene pro ton s Hj and H2 chem ica lly  in equ iva len t. 112
2.20 Two Dimensional C orre la tio n  Spectrum (CDC13, 400 MHz)
o f  [<PEt3 ) 2P t(C 6H4CH2i 6H4 > ]. 113
Page
x i i i .
2.21 1H n .m .r. spectrum (CDC12, 400 V H z) o f
((PPh3) 2Pt(C6H4CH2C6H4> 1 . 115
2.22 Proposed planar t ra n s it io n  s ta te  o f  r in g  rev e rsa l
o f  compounds (2 .2 0 a -e ) in which ligands L w i l l  be 
sub jected  to  non bonded in terac tio n s  w ith  the p e ri 
protons on C ( l )  and C (8 ). 1 16
2.23 13C - {1 H) n.m .r. spectrum (CDC13, 100.6 MHz) o f
[< r e t3) 2p't<e6H4cH2e 6H4) ] .  i i 9
2.24 An end on view  o f  th e p la t in a c y c lic  r in g  in  
m olecule [ ( PEt3) 2^ t ( ¿6H4CH2CgH4 ) ]  showing the
atom ic numbering scheme. 124
2.25 *H n .m .r. spectra  (CDC13, 180 MHz) o f
^ PEt3 2^I 2^t ^ 6H4CH2<' 6H4  ^  ^ ®h°w ing s e le c t iv e  proton 
decoupling. 132
2.26 Low temperature 3 1P - ( 1H) n .m .r. spectra (CH2C1 2,
162 MHz) o f  [ ( PE13 ) 2 I f t (C6H4CH2CgH4) ] .  i3 6
2.27 An end on view o f  the p la t in a c y c lic  r in g  in  the
m olecule [ ] .  139
4.1 Chain o f  square p lana r [P t(C N )4 ] 2“  groups
showing the overlapp in g  Pt d *^ o r b ita ls  179
4.2 The number o f  e le c t ro n s  removed from the energy band
is  determined by th e degree o f  p a r t ia l o x id a tion . 181
4.3 C y c lic  voltammogram o f  K2 (P t(C iC Ph )4 ] in  a c e to n it r i le ,
0 .1  mol dm“ 3 TEATFB. Scan ra te  100 mV s“ 1,
v s . S.C .E. using a platinum working e le c tro d e . 190
Page
x i v •
4 .4  C y c l ic  voltammogram o f  K2[ P t ( C2 CPh) 4J in  water,
0 .1  mol dm- 3  KC1. Scan ra te  100 mV a” 1, v s . S.C.E.
Page
Formation o f  an in s u la t in g  g o ld  film  (2 )  prevents 
fu r th e r  o x id a tion . 19 1
4.5  C y c lic  voltammogram o f  Kg[Pt(C«CBu ) J  in  water,
0 .1  mol dm- 3  KC1. Scan ra te  100 mV s” 1 , vs . S.C .E. 192
4.6 View o f  molecule o f  [P t (C 5CBut ) 4 ]2“  showing
th e atomic numbering. 193
4 .7  View o f  molecules o f  K2 [Pt(C iCBut )4 J in  u n it
c e l l  showing w ater o f  c r y s ta l l is a t io n .  193
4.8  Two views a ) and b ) showing the stack ing o f  the
[Pt(C=CPh)4 ]2- groups in to  chains in  the u n it c e l l . 197
LIST OF TABLES
2.1  D ihedral angles o f  su b s titu ted  9 ,10-d ihydro-
anthracenes. 67
2 .2  1H n .m .r. data fo r  the p latinacyclohexanes
(2 .16a ) -  (2 .1 9 ).  84
2 .3  3 1P - ) n .m .r. and ^3 ^P t- {^H ) n .m .r. data fo r
p la tin acycloh exan es (2 .16 a ) -  (2 .1 9 ).  86
2 .4  13C - (1 H ) n.m .r. data f o r  the p la t in a c y c lic  r in g
in  compounds (2 .16a ) -  (2 .1 9 ).  88
2 .5  Bond d is tan ces  (A ) and bond angles ( ° )  f o r  the
p la tin acycloh exan es ( 2 . 16b) [ ( PMe2Ph)2Pt(CH2 ) 5] . 95
2 .6  Bond d is tan ces  (A ) and bond angles ( ° )  f o r  the 
p la tin acycloh exan e (2 .18b )
[ ( PMe2Ph) 2P t <CH2CH2C ( CH3 1 ) ]. 100
2 .7  D ev ia tion s  (A ) from mean p lanes. 102
2 .8  Comparison o f  d ihedra l angles ( ° )  o f  Type 1
fo r  p la tin acyc loh exan e  r in g . 102
2 .9  1H n .m .r. data fo r  compound (2 .20a-h ) and (2 .2 1 ).  110
2 .10  3 1P - ( 1 H ) and 13 5P t - ( 1H ) n .m .r. data fo r  the
compounds (2 .2 0 a -h ), (2 .2 1 ) and (2 .2 2 ).  117
2.11 13C - (1H ) n .m .r. data fo r  compounds (2 .2 0 a - f)
and ( 2 . 2 1 ) .  120
2.12  Bond d is tan ces  (A ) and bond angles ( ° )  fo r
[(PE t3 ) 2P t(C 6H4CH2e6H4 ) ] ( 2 . 20. ) .  1 J5
Page
x v i .
2.13 D evia tion s (A ) from mean planes in 
[ (P E t3 ) 2Pt(C 6H4CH2C6H4 ) ) .
2.14 Bond d istances (A ) and bond angles ( • )  f o r  
(<PE t3 ) 2i 2; it (£ 6H4CH2 <56h4 >J (2 .2 1 ).
2.15 D evia tion s (A ) from mean planes in 
[ (P E t 3 ) 2I 2P t (66H4CH2e 6H4 >).
3.1 *H n.m .r. data f o r  compounds o f  the type 
[ MXX * ( Bi >^CH2CH2CH2OH ) 2 ] .
3.2 3 1P - (Si )  n .m .r. and i . r .  data fo r  compounds o f  the 
type [MXX1 ( Ph2PCH2CH2CH20H) 2  J.
4.1 n .m .r. data f o r  compounds o f  the type 
M*2 fr>t(CCR)4 ].
4 .2  l 3C- fw > n .m .r. data fo r  compounds o f  the type 
M’ 2 [P t (C «R )4 J.
4 .3  In fra red  data f o r  compounds o f  the type 
M’ 2 [P t (C « :R )4 l.
4.4  S e lec ted  bond d is tan ces  (A ) and bond angles 
( • )  f o r  K2 [P t (C «B u t ) 4 J.
K .2 .1 .1  13C- ^HJn.m.r. data fo r  the ligand  resonances
in  compounds (2 .1 6 a ) -  (2 .1 9 ).
E .2 .1 .2  Elemental an alyses.
E .2 .1 .3  Elemental analyses.
E .2 .1 .4  13C- (l H)n.m .r. data fo r  ligand resonances o f















x v i i
Page
E .2 .2.1 C ry s ta l Data and Data C o lle c tion Conditions 221
E .2 .2 .2 C rys ta l Data and Data C o lle c tion Conditions 225
E .3.1 Elemental analyses 229
E .4.3 C ry s ta l Data and Data C o lle c tio n Conditions 239
x v i i i .
ABSTRACT
Some novel p latinacyclohexanes have been prepared and 
ch aracter ised  by n.m .r. methods and the conformations o f  the s ix  
membered r in gs  in v e s tig a ted  by va r ia b le  temperature n .m .r. s tud ies 
and s in g le  c ry s ta l X -ray d i f fr a c t io n  techniques. The p la t in a c y c lic  
r in g  in  compound [ ( PMe2Ph) 2P t ( CH2 ) 5J adopts a h a lf  ch a ir  
con form ation in  the s o l id  s ta te  whereas the substitu ted  r in g  in  
compound ( ( PMe2Ph) 2P t ( CHgCH^( CHg) 2C»2 CH2 ) J e x is ts  in  a skew 
con form ation.
In  low temperature s o lu tion  n.m .r. s tud ies ( -  150 #C,
400 MHz).the slow exchange l im it  has not been observed in d ica tin g  
an upper l im it  o f  AG ^  o f  ca 20 kJ mol * fo r  the b a rr ie r  to  r in g  
r e v e r s a l .
A s e r ie s  o f  9 ,lO -dihydro-9-p latinaanthracenes 
{ L2P t ( C6H4CH2Ci6H4 > J <L -  r e t 3 * PMe3. PMe2Ph, PMePh2> PPh3, dppm, 
dppe, 1,5-COD) have been prepared and ch aracterised  by n.m .r. 
methods and con form ational stud ies o f  the p la t in a c y c lic  rings 
ca rr ied  ou t. H n.m .r. s tu d ies  have shown that when L ■ PEt3> PMe3, 
PMe2Ph, PMePh2, PPh3, dppe, the r ings are r ig id  in  so lu t ion . Less 
s t e r ic a l ly  demanding lig a n d  allow s rap id  r in g  reversa l to  take 
p lace in  so lu t ion .
The p la t in a c y c lic  r in g  in compound ( (PEtg^I^tTE^H^CH^gH^) 
adopts a boat conform ation in  the s o lid  s ta te  and va r ia b le  high 
temperature n .m .r. s tu d ies  in d ica te  th at th is  structure is  r ig id ly  
maintained in  so lu t ion . The coalescence temperature fo r  the r in g  
reve rsa l process was not reached (< 100 *C, 90 m z )  showing that 
the energy b a r r ie r , AG^> 70 kJ mol“ 1.
O x id a tive  ad d ition  o f  iod in e to  compound 
( ( PEt3) 2PJt ( <-gH4CH2 )] g iv e s  the p latinum (IV ) compound
( ( PEt3 2^ 1 2 ^t *C6^aCH2^6H4 3 1p~ ( l H) n .m .r. spectroscopy show the 
phosphine ligands are in  a trans arrangement. X-ray c ry s ta l 
stru ctu re an a lys is  con firm ed th is  and shows that the r in g  adopts a 
fla t te n ed  boat conform ation in  the s o lid  s ta te . 1H n .m .r. s tud ies 
show th at the r in g  is  f lu x io n a l in  so lu tion . In low temperature 
n .m .r. s tu d ies  a value o f  AgTc* -  40.5 * 0 .4  kJ mol“ 1 was
x lx .
ca lcu la ted  fo r  the b a r r ie r  to  r in g  r e v e r s a l.
Repeated attempts to  obta in  a fu l ly  unsaturated 'p la t in a -  
anthracene' moiety from e ith e r  the p la tin u m (II ) o r  p la tin u m (IV ) 
precursors were unsuccessfu l.
A s e r ie s  o f  c is  and trans bis-phosphine complexes o f  the 
type. [MX2 (Ph2PCH2CH2CH2OH)2 ] (M -  P t, X -  C l. Br, I ,  CH3) and 
[MXX'iPh PCH CH CH OH) J (M -  P t, X -  C l. X' -  CH,, M -  Pd, X -  X* 
* * * * *  3 1 1 ^ 1»  C l) are prepared and ch a racter ised  by P - rH  ) and H n .m .r. and
in fra -red  spectroscopy. Add ition  o f  AgC104 to  c i s -
[P tC l2 (Ph2PCH2CH2CH20H)2 ] g iv e s  the a ir  s tab le  b is -a lc o h o l c h e la te
e ls-[Pt(Ph_PCH _ CH.CH.OH)1(C10J ) . .  E ither o f  these c is  complexes
can be deprotonated to  g iv e  the a ir  s tab le  b is -a lk oxo  complex
[P t(Ph 2^CH2 CH2CH20 )2 J. The general in s ta b i l i t y  o f  monodentate
alkoxo- platinum complexes i s  a ttr ib u ted  to  f a c i l e  B-hydrogen
elim in ation  and not to  abnormally weak Pt-0  bonds. The chem istry  o f
the P t-0  bonds in  the b is -a lk oxo  complex has been in v e s tig a ted  by
reaction  w ith  HC1, S02 and 2,6-dim ethylphenylisocyanide.
T e tra a c e ty lid e  complexes o f  the type M'2 tPt(C=CR)4 ]
(M* -  K*. R «  Ph. Bu*; M* -  [N iP P h ^ ] * ,  R -  C02»<e, C02E t) are
prepared by new rou tes. The X-ray structure o f  compound
K.[Pt(CsC  But ) ] as i t s  28 HO  so lva te  has been determined. The 2  4 2
bulky t e r t —buty l groups prevent stacking o f  the [PtiCsCBu >4 J 
groups in to  chains.
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In recen t years  h e te rocy c les  con tain ing tra n s it io n  metals 
have been the su b ject o f  con siderab le  in te r e s t .  This i s  e s p e c ia l ly  
so fo r  m eta llacyc loa lkanes ( 1 . 1 ) which are fu l l y  saturated  and 
m eta llacyc loa lken es which con ta in  a t le a s t one unsaturated bond.
These compounds have been recognised as in term ediates in  a 
number o f  s to ich iom etr ic  and c a ta ly t ic  rea ction s , e .g .  alkene
pentadiene complexes have been ex ten sive ly  in ves tig a ted  and found 
to  be important in term ed iates  in alkene and alkyne oligom er-
A1though the la b i le  nature o f  these interm ediates o ften  make
Lx
n *  1,2,3
( l . D
th e ir  study d i f f i c u l t ,  th is  has not Inh ib ited  the exten sive  
research in to  the more s ta b le ,  o ften  n on -ca ta lytic  m e ta lla c yc le s .
The n o n -ca ta ly tic  m eta lla c yc le s  have a lso  been recogn ised  as a 
p o te n t ia l ly  u se fu l c la s s  o f  organom eta llic  compounds undergoing 
some novel r ea c t io n s . I t  i s  the observation  th at m eta lla c yc le s  
con ta in in g  two metal carbon <r  bonds are r e la t i v e ly  s ta b le  th a t has 
s tim u lated  the d e ta ile d  study o f  th e ir  chem istry . 1 7 ’ 18
Two comprehensive rev iew s 1 7 ,1 8  have been published o f  
m eta llacyc loa lkan es  and m eta llacyc loa lken es coverin g  the methods 
f o r  syn th es is , the s tru c tu res , and the ph ys ica l p ro p er tie s  o f  these 
compounds. The most recen t rev iew  covers the l i t e r a tu r e  up to  
1985.18 The fo llo w in g  s ec t ion s  o f  th is  work w i l l  b r i e f l y  c o v e r  the 
im portant aspects o f  m eta lla c yc le s  up to  the end o f  1987 w ith  
emphasis on r e c e n t ly  rep o rted  work.
1 .2  METHODS FOR SYNTHESIS OF HETALLACYCLOALKANES
1 .2 .1  An ionic o r  C a tion ic  A lk y la t io n  o f  Metal Complexes
A gen era l and widespread method used fo r  syn thesis  o f  
m eta llacyc loa lkan es  o f  d i f fe r e n t  r in g  s iz e  fo r  a range o f  
tr a n s it io n  m etals is  r ea c t io n  o f  the metal d ih a lid e  complex w ith  
e ith e r  d il ith io a lk a n e  o r  bis(bromomagnesium)alkane reagents (Scheme 
1 . 1 ) .
Typ ica l examples o f  compounds made by th is  procedure a re  
m eta llacyc lobu tanea , -pentanes, -hexanes o r  -heptanes o f
titan ium 1 9 ,2 0  rhenium , 21 c o b a lt2 2 ,2 3  rhodium,24,25, ir id iu m 2 2 ,2 4  
p l. t in u . , 26 p . l l .d lu . , 2 7 -28 „ i e k . l , 29 nolybdenu. 30 ar.d tu n g . t .n , 30
C ation ic  a lk y la t io n  o f  metal Lewis bases can a lso  lead  to  the 
form ation o f  m e ta lla c yc le s . For example, the anion [ CpRe(C0>2 j2_
X M g ( C H 2)n M g X
L i(CH 2)n Li
X = B r , Cl n = 3 . 4 . 5
Scheme 1 .1 . Preparation o f  m eta llacycloa lkanes by treatment o f  a 
metal d ih a lid e  w ith  e ith e r  bis(bromomagnesium) alkane 
(a )  o r  d il ith io a lk a n e  (b ) .
(1 .3 )  obta ined  by deprotonation o f  [ CpRe( CO) ]  (1 .2 )  w ith the
base 1, 8-d ia za b ic y c lo  [5 .4 .0  jundec-7-ene (OBU), rea cts  w ith
31 321,4-diiodobutane to  g iv e  the rhenacyclopentane (1 .4 )  ’
( e q . 1 . 1 ) .
(Cp R e (C O )2H2 )
( 1 . 2 )
DBU
eq. 1 . 1
(Cp Re ICO)2 )
(1 .3 )
(1 .4 )
reaction  o f  butanediyl b ia (tr iflu orom ethan eau lphonate ) with
[S u (C 0 )4 ] 2'  ( 1 .5 )  ( « q .  1 .2 ) .  !
( Ru ICO)* J2" .  X (C H ,)t X ------- (C 0 )4 RuQ
1 .2 .2  In tsrm o lecu la r In s e rtio n  o f  a Metal in to  a Carbon-Carbon Bond
waa obta ined  by in s e r tio n  o f  platinum in to  a carbon-carbon bond o f  
a cyclopropane r in g . S im ila r ly , Z ie s e 's  dimer (C l2P t(C 2H4 ) ] 2 rea c ts  
w ith a v a r ie t y  o f  su bstitu ted  cyclopropanes to  y ie ld  polymeric 
m etallacyclobu tane products. When these polym eric compounds are 
treated  w ith  an excess o f  ligands L (e . g .  L «  P y r id in e ),  a 
monomeric m etallacyclobu tane (1 .7 )  p r e c ip ita te s . 35 The moat s tab le  
isomer thermodynamically, has the platinum atom bonded to  the le a s t  
su bstitu ted  carbon atoms with the form ation o f  the 
m etallacyclobutane occurring w ith re ten tio n  o f  s tereochem istry  in 
the cyclopropane . 35
(1 .5 ) ( 1 . 6 )
X = cf3 so2






1 .2 .3  Intram olecu lar In s e rt io n  o f  a Metal in to  a Carbon-Carbon Bond
The hydridocyclopropylrhodium  complex (1 .8 ) decomposes 
ra p id ly  a t temperatures above 0#C to  the rhodacyclobutane (1 .9 )
(e q . 1 .3 ) . 37 The rearrangement i s  in tram olecu lar, r e g io s p e c i f ic  and 
occurs by in s e r tio n  o f  the [CpRhL ] un it in to  the a-carbon-carbon 
bond o f  the cyc lopropy l r in g .  In se rtio n  is  always in to  the le ss  
h igh ly  su bstitu ted  a-carbon-carbon bond. Rhodacyclopentanes have 
been prepared in a s im ila r  manner from the hydridocyclobutyl 
38rhodium complexes.
Pn H R








1 .2 .4  In s e rtio n  o f  an Alkene in to  a Metal-Carbon a Bond
A thoracyclohexane ( l . l l )39 has been prepared by rea ction  o f  
thoracyclobutane ( 1 . 1 0 ) w ith  propylene which in vo lves  in se rtion  o f  
the C=C double bond in to  the Th-C bond (eq . 1 .4 ).
( 1 - 1 0 ) ( 1 . 1 1 )
The n.m .r. spectroscop ic  data o f  (1 .11 ) is  in accord with the
thoracyclohexane r in g  adopting a ch a ir  conformation in  so lu tion .
6.
In s e rtio n  o f  e th y len e  in to  the Th-C bond o f  (1 .10 ) r es u lts  in 
the form ation o f  ( 1 . 1 2 ) which is  le ss  th erm ally  s tab le  than ( 1 . 1 1 ) .
( 1 . 12 )
1 .2 .5  C yc lom eta lla t ion  R eactions o f  Metal D ia lk y l Complexes
S evera l m eta llacyc loa lkan es  have been formed by
40-45cyc lo m e ta lla t io n  rea c t ion s  o f  metal d ia lk y l  complexes. For
example, the p la tin acyc lobu tan e  (1 .14 ) i s  c le a n ly  formed in  an 
in tram olecu lar y-C-H a c t iv a t io n  process in v o lv in g  the neopentyl 
ligands in  compound (1 .1 3 ).  The mechanism (A ) o f  formation o f
(1 .1 4 ) (Scheme 1 .2 ) in v o lv e s : a ) d is s o c ia t io n  o f  a phosphine ligand 
to  form a vacant coo rd in a tion  s i t e  on the platinum metal; b ) 
in tram olecu lar o x id a t iv e  a d d it ion  o f  the methyl C-H bond o f  a 
neopentyl ligan d  to  p latinum ; c )  red u c tiv e  e lim in a tio n  o f
neopentane.
L C H 2CMe3 (o )
P t s  ■—
















Scheme 1 .2 . C yclom eta lla tion  mechanism proposed fo r  b is(phosphine) 
platinum d ia lk y l complexes.
In  c on tra st, thermal c yc lo m e ta lla t io n  o f  [Cp^ThiCH^CMe^j ]
(1 .15 ) proceeds un im olecu larly4 6 ,4 7 ,4 8  to  form the thoracyclobutane
(1 .16 ) and neopentane (e q . 1 .5 ). The mechanism (B ) in vo lves  a 
concerted  h e te ro cy c lic  process w ith hydrogen atom abstraction  and 
m eta llacyc le  formation occurring in  a fou r-cen tre  tra n s it io n  s ta te .
CpjTh /  CH2 CMe3 
^ C H 2 CMe3
(1 .1 5 )
9 m « j 1  i
.  , _  .. CH,..
C p jT h
I " CH»-'
CH j- CMe 2
eq . 1.5
CP2Th^ >  ♦ CMe4
(1 .16 )
The d iffe r e n c e  in  the c yc lo m eta lla tion  mechanisms is  due to  
the fa c t  th a t e a r ly  t r a n s it io n  metals and f-elem ent cen tres  (such 
as thorium ) are in  h igh ox ida tion  s ta te s  and o ften  do not possess 
e n e r g e t ic a l ly  a cc e ss ib le  ox ida tion  s ta te s  fo r  the o x id a t iv e -  
a d d ition / red u c tiv e -e lim in a tion  sequences present in mechanism (A ).
1 .2.6  Coupling Reactions o f  Alkenes
A method fo r  syn thes is  o f  m etallacyclopentanes is  the 
49reaction  o f  a metal complex with alkenes (eq . 1 .6 ). The coupling 
o f  two a lkenes in the coord ina tion  sphere o f  a tra n s it io n  metal 
lead ing to  formation o f  m eta llacyc 1opentanes has been in ves tiga ted  
50th e o r e t ic a l ly .  M etallacyclopentanes have been shown to  be key
interm ediates in metal ca ta ly sed  cyc loadd it ion s  and cyc lo revers ion s
. .. 8,51-55o f a lkenes.
eq. 1.6
[ M ]  » 2  =  ~  ~  M
'/ /
o
R ecen tly  B inger e t  a l . 66 syn thesised  the f i r s t  unsymmetrical 
n ickelacyc lopen tan e  (1 .1 7 ) formed by coupling two d i f fe r e n t  alkenes 
a t  th e m etal cen tre  (e q .  1 .7 ) .
eq. 1.7
(1 .17 )
1 .2 .7  Syn thesis  o f  F u nctiona lised  Metal la c  yc lea
Kemmitt e t  a l . 57  61 have synthesised a s e r ie s  o f  c lo s e ly  
r e la te d  fou r  membered m eta lla cye les  which are fu n ction a lised  in the 
3 -p o s it io n  to  g iv e  m eta llacyclobu tanones.
57 59
M eta llacyclobu tan -3-one complexes o f  platinum, 
pa llad ium , 68 ir id iu m 61 and osmium61 have been made by severa l novel 
methods. For example, treatm ent o f  trans- f lrC l(C O )( PPh^)_  1 (1 .18 ) 
with the s i ly le n o l  e th e r  (1 .1 9 ) g iv e s  the ir idacyc lobu tan -3 - one
10.
(1 .20 ) (e q . 1 .8 ) .  Platinum and oamium m etallacyclobutan-3-ones have 




(1 .18 ) ( 1 . 20 )
The c lo a e ly  r e la te d  ir idacyc lobu tan -3 -on e (1 .21 ) waa prepared by 
Tu lip  e t  a l . 62 by rea ction  o f  [Ir(PM e3) 4Cl J with the eno la te  a a lt  
o f  aceton e.
Subatitu ted  p la tin a cy c lobutan-3-ones (1 .22a-c ) have been
prepared by rea c t ion  o f  the platinum(O) compound fP t(P P h _ )„1 with* 3 4 ‘
d ia lkyl-3 -oxopen taned ioatea  (e q .  1 .9 )?9
11.
iP t lP P h jIJ r c h 2 c o c h 2r
I- 1.9
0
(1 .22a) R-C02Me 
(1 .22b ) R«C02Et 
(1 .22 c ) RmC02Pt
The s tu d ie s  on m etallacyclobu tan-3-ones o f  platinum57’ 59 and 
palladium 58 suggest that th e  bonding d escrip tion s  should include a 
c on trib u tion  from the s lip p e d  n*-oxodimethylenemethane structu re 
(1 .2 3 ).
L "
0
(1 .2 3 )
Puddephatt e t  al^.63 have synthesised a lcoh ol substitu ted  
p la tin acyclobu tanes (1 .2 4 a -d ) by treatment o f  Z ie s e 's  dimer 
(PtC l2<C2H4 ) J2 w ith  the a p p ro p ria te ly  substitu ted  cyclopropane 
fo llow ed  by a d d it io n  o f  p y r id in e  ligands (eq . 1 .10 ).
12.




[ R C I 2{CH2C R *(C R ‘ Rj OH )CH 2)] -----
1.3 STABILITY OF METALLACYCLOALKANES
The therm al s t a b i l i t y  o f  m eta llacyc loa lkanes is  a featu re 
which is  u se fu l in  that i t  a llow s  th is  c la ss  o f  compound to  be 
stud ied  in  g r e a te r  d e t a i l . 63 The thermal s t a b i l i t y  associated  with 
many t ra n s it io n  metal a lk y ls  is  thought to  be k in e t ic  in o r ig in .  I t  
is  not th at the tr a n s it io n  m etal carbon a bonds are thermo-
64
dynam ically weak (bond e n e rg ie s  range ca 160-350 kJ mol ) ,  but 
th at s eve ra l low energy pathways are a v a ila b le  fo r  th e ir  
decom position .66 The dominant decomposition pathway o f  most a c y c lic  
tra n s it io n  metal a lk y ls  is  0-hydrogen e lim in a tio n 66 (eq . 1 .11 ).
Cl
‘M i ' Vs I v /  CR’ R* OH 
^  Cl
(1.24a) R1-R2-R3-H 
(1.24b) R1*R3*H, R2«Me 
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W hitesides e t  a l . 26,66 have shown that fou r- f i v e -  and s ix -  
membered p la tin a cyc le s  are more s tab le  than the corresponding 
c is -d i-n -a lk y lp la tin u m ( 11 ) compounds.67-70 This is  true fo r  a l l  
m eta lla cyc les  o f  these s iz e s .66
The enhanced s t a b i l i t y  o f  the m eta llacyc les  is  due to  two 
fa c to r s :  ( i )  the p rin c ipa l decomposition pathway, B-hydrpgen 
e lim in a tio n  is  suppressed since the M-C-C-H d ihedra l angles in 
these compounds are constrained to  values fa r  from the optimal 
0 ° ;66 ( i i )  the ch e la te  e f f e c t . 71 M etallacycles o f  la rge r  r in g  s iz e  
have low er s t a b i l i t y  however, because the r in g  is  more f le x ib le  
lead ing  to  a more s t e r ic a l ly  favourab le tran s ition  s ta te  fo r  
8-hydrogen tra n s fe r  and a sm aller chela te  e f fe c t  e x is t s .71
An important consequence o f  the suppression o f  B-hydrogen 
e lim in a tio n  by incorporation o f  a lk y l groups in to  m eta llacyc les  is  
th at o th e r  p o te n t ia lly  valuable types o f  reactions such as carbon- 
carbon bond formation72-75 and c leavage15,20,29,76 can be observed. 
For example, in  the thermal decomposition o f  titanacyclopentane
(1 .25 ) a tra n s it io n  s ta te  with an M-C-C-C dihedral angle o f  about 
0* is  p resen t and a carbon-carbon bond cleavage reaction  takes 
p lace producing ethy lene20 (eq . 1 .12 ). The B-hydrogen elim ination  
reaction  a ls o  takes p lace producing but-l-ene.
14.
eq . 1 .12
/T\ c h 2=  c h 2
(1 .2 5 )
The form a tion  o f  e thy lene from m etallacyclopentanes has been
be a symmetry a llow ed  reaction  fo r  titanacyclopen tane (1 .2 5 ) (e q . 
1 .13 ).
coo rd in a tion  number o f  the n ic k e l,  nickelacyclopentanes undergo 
three major r e a c t io n s : (a )  red u c tiv e  e lim in a tion  w ith carbon-carbon 
bond form ation to  g iv e  cyclobu tane, (b ) 0-hydrogen e lim in ation  
resu lt in g  in  the formation o f  b u t-l-en e  and (c )  carbon-carbon bond 
cleavage to  g iv e  ethylene (Scheme 1 .3 ).
studied t h e o r e t ic a l ly  by Hoffmann e t  a l. 50,77 and has been found to
eq . 1.13
Ti
(1 .2 5 )
Grubbs e t  a l . 78-80 have shown that depending on the
15.
P P
p ♦ pnO  — p»N0  = p>nO
|  (b) | (a) 1“ ’
3 □ ---- :
Scheme 1 .3 . Thermal decomposition o f  nickelacyclopen tanes w ith  
d i f f e r i n g  coord ina tion  numbers.
1.4 X-RAY CRYSTAL STRUCTURES OF «TALLACYCLO BUTANES AND
ICTALLACYCLO PENTANES
A number o f  c ry s ta l s tru ctu res  have been determined fo r  fo u r  
and f i v e  membered m eta llacyc loa lkanes fo r  a range o f  tr a n s it io n  
« — . i .  13 ,14 ,32.37 ,41 ,44 ,63 ,81-93 _m etals. In  con trast no c ry s ta l s tru c tu re
determ ination  o f  a m etallacyclohexane, p r io r  to th is  work, has been 
reported .
Two im portan t s tructu ra l parameters o f  m eta llacyc loa lkanes 
which are  in vo lved  in  c a ta ly t ic  rea ction s  are the conform ation o f  
the r in g  and the ease o f  d is to r t in g  the r in g  toward p o ten tia l 
r e a c t iv e  in te rm ed ia te s .81 S t ru c tu re -r ea c t iv ity  s tud ies  th ere fo re
have an im portant r o le  in understanding m eta llacyc le  chem istry.
The con form ations o f  the m eta llacycloa lkanes are v a r ied  and 
are dependent n o t  on ly  on the nature o f  the metal but on the 
presence and number o f  substituents on the r in g  and the s t e r ie  
requirements o f  th e  other ligan d s .
M eta llacyclobu tan es may adopt planar37 o r  nearly  p lanar 
conform ations o r  puckered conform ations90 which may e ith e r  be 
symmetrical o r  unsymmetrlcal. For example, in the rhodacyclo- 
butane37 (1 .2 6 a ) the r ing  is  e s s e n t ia l ly  planar and symmetrical 
about the Rh-C a x is ,  whereas in  the substitu ted  compound (1 .2 6 b )
90the r in g  i s  puckered . I t  is  thought that puckering reduces s t e r i c  
in te ra c tio n  o f  th e  phosphine ligan d  with the cyc lopen tad ieny l 
ligand  and the m ethyl groups on th e r ing .
(1 .26a) L -  PMe3, R -  H
(1.26b) L -  PPh3, R -  Me
The m etallacyclobu tane r in gs  in  the compounds (1 .27 a -c ) a r e  
nearly  planar and sym m etrical.71 The s te r ic  in tera c tio n  between th e 
R group and the cyc lopen tad ienyl ligand  is  r e lie v e d  by a rock in g  
motion o f  the C (3 )  fragment in the plane instead o f  puckering.
17.
(1 .27a) R R* »  H
(1 .27b ) R -  Ph, R’ -  H
(1 .27c) R « R' «
The titanacyclobu tan es have been demonstrated to  be 
in term ed ia tes  in  the alkene m etathesis r e a c t io n .94 A h igh ly  
d is to r te d  m eta lla c yc le  may be expected  i f  the m e ta l-a lk y lid en e -  
a lkene s tru c tu res  (eq . 1 .14 ), are in vo lved  in  the rea ction  as
The deuterium isotope e f fe c t s  on carbon chemical s h i f t s  o f  
the titanacyclobu tan es in s o lu tion  are con sis ten t w ith a sym m etric 
but e a s i ly  d is to r te d  m eta llacyc le  s tru ctu re. I t  is  proposed th a t  
the sym m etrical titanacyclobutane res ts  a t the minimum o f  a broad  
p o te n t ia l su r fa ce  so that d is to r t io n  toward the requ ired  t r a n s it io n
c a lc u la t io n s  su ggest. 9^
eq. 1.14
s ta te  is  f a c i l e .
18.
S ev e ra l c ry s ta l s tru ctu res  have been determined f o r  a s e r ie s  
o f  p la tin a cyc lob u ta n es ,98 and in  many the p la tin acyc lobu tan e  r in g  
is  found t o  be puckered. The r in g  s tra in  in  p la tin acyc lob u tan es  is  
thought to  be lower than in  cyclobutane because the Pt-C  bond is  
97lon ge r  than the C-C bond. The degree o f  non p la n a r ity  o f  th e  
P t-C 1—C2—C3 r in g  system can be measured by the fo ld  an gle  between 
p lanes [C ( 1 )- P t -C (3 ) ] and [C (1 ) - C (2 )-C (3 ) ] .  The puckering in  
p la tin acyc lob u tan es  is  in  the range 0-30®.
For example, the r in g  in  (1 .28 ) is  almost com p lete ly  p lan a r98 
w ith  a f o ld  angle o f  3®. In  the p latin um (IV ) d e r iv a t iv e  (1 .2 9 ) the 
r in g  i s  p lan a r ( f o ld  angle 0 * ) ( in d ica tin g  that o x id a t iv e  a d d it io n  
o f  c h lo r in e  to  (1 .28 ) occurs w ith  minimal s tru ctu ra l 





The p la tin acyc lobu t-3 -on es  appear to  con tain  r in g s  which are 
h ig h ly  pu ckered .59 For example, the fo ld  angle in  (1 .2 2 a ) i s  
5 4 .4 ® {4 ). Cyclobutanone i t s e l f  i s  only s l i g h t ly  non p lan ar.
19.
A consequence o f  the la rge  fo ld  angle is  that the P t -C (2 ) 
d is ta n ce  i s  such that th ere  is  considerab le o rb ita l in t e r a c t io n  
between P t and C (2 ). I t  is  the presence o f  the c oo rd in a tl v e ly  
unsaturated platinum cen tre  and an unsaturated r in g  carbon atom in 
(1 .2 2 a ) lead ing to a transannular P t . . .C bonding in t e r a c t io n  that 
is  an important fa c to r  in  accounting fo r  the r ing  p u ckerin g . 
S im ila r  puckering o f  th is  r in g  is  observed in the m e ta lla c y c lo -  
butan—3—ones o f  palladium ( II)® ®  and ir id iu m ( I I I  t.®1
C ry s ta l structures show that m etallacyclopentanes may adopt 
e ith e r  a symmetrical®® o r  unsymmetrical®7 puckered con form ation  or 
82an opened-envelope conformation.
The structure o f  [Pt(CH2 ) 4(PPh3) 2 ) (1 .30)®6 shows an 
unsymmetrlcal puckering o f  the platinacyclopentane r in g  which does 
not a r is e  from crys ta l packing requirements, but may in d ic a te  the 
mechanism whereby rearrangement o f  m eta lla cyc lic  in term ed ia tes  in 





In  comparison the s tru ctu re  o f  the 18 -electron  p latinum ( IV ) 
complex [ P t I 2 (CH2 ) 4 (PMe2Ph)2 ]87 shows symmetrical puckering o f  the 
r in g . The puckering o f  the r in g  r e l ie v e s  the crowding o f  the 
hydrogen atoms on adjacent carbon atoms. D isorder is  a ls o  observed 
in  the r in g  as a resu lt o f  the two cen tra l carbon atoms a lte rn a t in g  
between two forms as in d ica ted  in  (1 .3 1 ).
(1 .31 )
The f i r s t  example o f  an opened-envelope conform ation o f  a 
m eta llacyc lopen tane r in g  was reported  fo r  the tantalum compound
C(1)r Cl2) .02)'— cm 
0 2 ) * 0 2 )  /
21.
(1 .3 2 )
The opened-envelope con form ation is  p re fe rred  o v e r  the 
puckered con form ation  p oss ib ly  because there  is  a l im ite d  cone 
an gle  o f  space a va ila b le  to  th e ligand  a t  the tantalum atom cen tre . 
Puckering o f  the r in g  would le a d  to  con siderab ly  more in te ra c tio n  
between the m eta llacyc lopen tane r in g  and the pentam ethylcyclo- 
pentad ienyl lig a n d . The o r ie n ta t io n  o f  the r in g  may. in  some way 
f a c i l i t a t e  th e  observed r e v e r s ib le  loss  o f  alkene from th is  c la ss  
o f  com pou n d." (eq . 1 .15 ). P o s s ib ly , some d ir e c t  T a . . .C (0 )  
in te ra c tio n  i s  more e a s ily  a tta in a b le  in  th is  geometry.
The c r i t i c a l  e f fe c t  o f  the substituents  on the conform ation
eq. 1.15
T o v H
H
o f  the m etal1a cy c1ic  r ing  is  c le a r ly  demonstrated by the two
isom eric  1 ,4-dicyanocobaltacyclopentanes (1 .33 ) and (1 .3 4 ).  The 
cobalta cyc lopen tane r in g  in  the c is  form is  an opened-envelope 
con form ation  while that o f  the trans isomer is  puckered.
91
(1 .33 ) (1 .34 )
1 .5  REACTIONS OF METALLACYCLOALKANES
1 .5 .1  Inter-conversion o f  Metal w—a l l y l s  and N eta llacyc loa lkan es  
An in te r e s t in g  rea ction  which in te r r e la te s  two important 
c la s s e s  o f  organom etallic  compounds is  the w -a lly l m etal hydride -  
m eta llacyc loa lkane  transform ation .100 In the course o f  th e ir  
s tu d ie s  on the preparation and r e a c t iv i t y  o f  palladacyclopentanes 
In g ro sso et a l . 27,101 found th a t palladacyclopentanes (1 .35 ) undergo 
a f a c i l e  hydrogen abstrac tion  by the t r i t y l  ca tion  to  g iv e  an 
in term ed ia te  (1 .36 ) which rearranges to  g iv e  the more s tab le  
c a t io n ic  v - a l ly l  d e r iv a t iv e  o f  p a lla d iu m (II ) (1 .37 ) (e q . 1 .16 ).
23.
eq . 1.16
( 1 . 3 7 )
Th<s reaction  is  rev e r s ib le  and seve ra l m eta llacyc lo-bu tanes 
and -pentanes have been synthesised by treatm ent o f  the 
correspon din g m e ta lr -a lly l complex w ith hydride rea gen ts . 3®’
For example, treatment o f  iodocyclopropylrhodium  complex 
(1 .3 6 ) w ith  s i lv e r  flu orobo ra te  g iv e s  the corresponding w -a lly l 
complex (1 .3 9 ).  Treatment o f  (1 .39 ) w ith NaBH  ^ con ve rts  i t  in to  the 




Me 3 P I
(1 .38 )
Ag* b f 4- Cp
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Scheae 1 .4 . Formation o f  a m etallacyclobu tane by treatment o f  
a metal w -a lly l with a hydride rea g en t .
Deuterium la b e l l in g  s tud ies  have shown th a t the add ition  o f  
th e  hydride is  com p letely  r e g io s p e c i f ic  as w e ll as s t e r e o s p e c if ic ,  
th e  hydride adding to  the B-carbon syn to  the pentam ethylcyclo- 
p en tad ien y l l ig a n d .37
1 .5 .2  Cyclopentanone Synthesis
„  , , ,  , * 15.16,19.27,30.79.83.106-108
Severa l m etallacyelopen tanes are
known to  produce cyclopentanone on rea ction  w ith  CO (e .g .  eq.
1 .1 7 ).  The r ea c t io n  proceeds by in s e r tio n  o f  CO in to  the
m etal-carbon bond o f  the m etallacyclopentane (1 .4 1 ) to  form (1 .4 2 ),









( 2 )  * Cp,TilCO)2
The b is-a lken e com plex-m etallacy-lopentane transform ation la  
an in creas in g ly  im portant lin k  between d iverse  c la s s e s  o f  organic 
compounds. For example, the eye 1 opentanone can be formed from two 
a lk en es , by a sequence in vo lv in g  coupling o f  th e two alkenes in to  a 
m eta llacyc lopen tane109 (Scheme 1 .5 ) ,  fo llow ed  by In s e rt io n  o f  CO 
and redu ctive  e lim in a tio n  o f  the c y c l ic  ketone.
Fe(C0)4
hv
20°C O C '  
60 #C or CO
Scheme 1.5. Formation o f  cyclopentanone from a lk en es , by a sequence 
in vo lv in g  coupling o f  two alkenes fo rm in g  a 
m eta llacyc1opentane.
26.
1 .5 .3  C yclod im érisation  o f  Alkenes
M etallacyclopen tanes are in term ediates in  a number o f  metal 
c a ta ly s e d  [2 * 2  J cyc lo a d d it ion  rea c t io n s .7,8,110 C yclod im ers from 
s im p le  unstrained unsaturated hydrocarbons have been reported  to 
form v ia  n lckelacyc lopen tanes.49 B inger e t  a l .® *51-54,112 h>ve 
s y s te m a tic a lly  in ves tig a ted  the cyc lo d im érisa tion  o f  s tra in ed  
a lk en es  such as methylenecyclopropane o r  d im ethylcyclopropanes. In 
the example shown (eq . 1 .18 ) the product (1 .44 ) r e s u lt s  from 
r e d u c t iv e  e lim in ation  from the in term ediate n ickelacyc lopen tane 
r in g  (1 .4 3 ) .
eq. 1 .1 8
(1 .43 ) (1 .44 )
1 .5 .4  A lkene Metathesis
M etallacyclobutanes are w e ll es tab lished  in term ed ia tes  in 
a lkene m etathesis3' t 1.113-121 ln  in tercon ve rs ion  o f
a lkene-carbene complex interm ediates (1 .45a ) and (1 .4 5 b ) with a 
m eta llacyclobu tane (1 .4 6 ) takes p lace (Scheme 1 .6 ) .
27.
(M) =  CHR’ 




|MJ =  CHR' 
RVlC -  CHR’
(1 .45b )
Scheme 1 .6. In tercon vers ion  o f  alkene-carbene com plexes with 
m eta llacyc lobu tanes.
Grubbs e t  a l . 116,117 have in ves tig a ted  the k in e t ic s  and 
s tereoch em istry  o f  the tita nacyclobu tan e-titan iu m  methylene 
i n te rcon vers  i on.
The tltanacyclobu tane (1 .48 ) synthesised from  the w ell 
d e fin ed  m etathesis c a ta ly s t  (1 .47 ) (e q . 1.19) undergoes the 
rea c t io n s  expected o f  a m etathesis in term ed ia te .116
28.
eq. 1.19
(1 .47 ) (1 .48 )
Compound (1 .4 9 ) ca ta lyses  the degenerate  m etathesis o f  
3 ,3 -d im ethy l-l-bu tene and 3 ,3 -d im e th y l- l-b u te n e - l, 1 ,2-d3 (e q .
1 .20 ). This is  the f i r s t  example o f  a m eta thesis  rea ction  ca ta lysed  
by a m etallacyclobu tane alone w ithout the a d d it io n  o f  a
1 .5 .5  Alkene D im érisation
Tantalacyc1opentanes have been shown to  be a c t iv e  
interm ediates in the c a ta ly t ic  d im érisa tion  o f  alkenes to  a mixture 
o f  t a i l  to  t a i l  ( t t )  dimers and head to  t a i l  (h t )  d im ers.122-128 
Deuterium -labelling  stud ies have shown th a t each tan ta la cy c lo - 
pentane undergoes r in g  con traction  to  a ta n ta lacyclobutane r in g ,120 
in it ia te d  by e-hydrogen tra n s fe r  (see  S ec tio n  1 .5 .6 ),  the r in g  then 
decomposes s e le c t iv e ly  to  the t t  o r  ht d imers (Scheme 1 .7 ).





Scheee 1 .7. M eta llacyelopen tanes are a c t iv e  in term ed iates  in 
the c a ta ly t ic  d im érisation  o f  a lk en es .
1 .5 .6  Ring Expansion and Ring C ontraction
By analogy to  s o lv o ly s is  o f  c y c lo p ro p y l methyl e s te rs  (1 .50 ) 
which occurs w ith  p a r t ia l rearrangement t o  c yc lo bu ty l 
d e r iv a t iv e s 12® (e q . 1 .21 ), the p la tln acyc lob u tan e  (1 .51 ) undergoes 
s o lv o ly s is  w ith r in g  expansion to the p la tin acyc lop en tan e  (1 .5 2 )1®® 
(eq . 1 .22).
30.
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Deuterium la b e l l in g  stu d ies  have in d ic a te d  th a t s k e le ta l  
isom erisation  o f  p la tin acyclobu tane to  p la tin a cyc lop en ta n e  occurs 
p r io r  to  h yd ro lys is  (Scheme 1 .8 ).
Scheme 1 .8. Proposed mechanism o f  r in g  expansion o f  a
p latin acyclobu tane to a p la tin acyc lop en tan e  during 
h y d ro ly s is .
31.
The rhenacyclopentane complex (1 .5 3 ) upon therm olysis a t 
100°C undergoes r in g  con traction  to  form rhenacyclobutane (1 .5 5 ) 
v ia  in term ediate (1 .54 ) and then treatm ent w ith  CO o r  PR3 g iv e s  
methylcyclopropane and [CpRe(CO)2PR3 J (1 .5 6 )32 (Scheme 1 .9 ) .
100 °C 
L
¿ ^ C H 3
""P
„  Re
OC / \  
OC
(1 .5 6 )
L s PPh3 or CO
OC'° ‘0  ocH **
--- oc'F*C/
oc ch3
(1 .54 ) (1 .5 5 )
Scheme 1.9. Decomposition o f  a rhenacyclopentane to  g iv e
methylcyclopropane occurs v ia  r in g  con traction  to  a 
rhenacyclobutane.
Deuterium la b e ll in g  stud ies demonstrated th a t m ethylcyclopro­
pane formation proceeds by net B- to  a-hydrogen m igrstion . fo llow ed  
by formation o f  a bond between the B- and th e oth er a -  carbon.
A i? ♦ n3 cyclopen tad ienyl r in g  s l ip  occurs to  generate the vacant 
131coordination s i t e .
32.
Schrock e t  a l . 128 proposed that s h o r t  liv ed  titanacyclobu tan e 
interm ediates (1 .59 ) are formed from t i  tanacyclopentanes (1 .57 ) 
during some c a ta ly t ic  alkene d im e r is a tio n  reactions (e q .  1.23).
e q . 1.23
M _|| .  c 2h4 -  mQ  r  A j  r  m^ >
(1 -59 ) (1 .5 8 ) (1 .5 9 )
The reve rse  reaction  which should be thermodynamically 
favoured has not been observed. Deuterium la b e ll in g  s tu d ie s 128 have 
shown th at a l l  tantalacyclopentane com plexes that decompose to g ive  
products o f  an apparent B -elim in a tion  sequence, decompose v ia  
m etallacyclobu tane in term ediates.
1 .5 .7  Decomposition o f  P la tin acyc lob u tsn es  to  Give A lkene o r  Y lid e
Complexes
In a recen t rep o rt132 a mechanism has been proposed f o r  the 
decomposition o f  p latinum (IV ) d e r iv a t iv e s  o f  m etallacyclobu tanes 
which in vo lves  an a -e lim in a tio n  r ea c t io n . P rev iou sly  th ere  were 
precedents fo r  a-e lim in ation  on ly  in  tantalum 128,133 and 
tungsten134 compounds although there i s  rec en t evidence f o r  o_ 
e lim in ation  in  iridium  compounds.135
Platinacyelobutanes o f  the type ( 1 . 6 0 ) decompose on treatment 
with bulky pyr id in e  d e r iv a tiv e s  to  e i th e r  the y lid e  (1 .6 1 ) or 











(1 .6 0 ) ( 1 . 6 1 ) (1 .62 )
The rea c t ion s  ty p ic a l ly  in v o lv e  sk e le ta l isom erisa tion  (see  
S ec tion  1 .5 .8 ) o f  the p la tin acyc lob u tan e  a t a ra te  fa s t e r  than the 
decom position to  a lkene or y l id e .
The proposed mechanism is  shown in Scheme 1.10. I n i t i a l  loss  
o f  ligan d  to  form (1 .6 3 ) i s  fo l lo w e d  by sk e le ta l isom erisa tio n  to  
the f i v e  coord ina te  p la tin acyc lob u tan e  (1 .6 4 ). An a -e lim in a tio n  to 
g iv e  (1 .6 5 ) then occurs. Reductive e lim in a tio n  g iv e s  the carbene 
complex (1 .66 ) which can be trapped  as the y l id e  (1 .6 1 ) o r  the 
a lkene complex (1 .6 2 ).
Deuterium la b e l l in g  s tu d ies  have shown th at decom position o f  
p la tln u m (IV ) d e r iv a t iv e s  o f  m eta llacyc lobu tanes cannot occur by 
8 -e lim in a tion  as proposed by Cushman e t  a l . 136 and in  a l l  cases the 
r e s u lt s  were con sis ten t w ith a -e lim in a t lo n  occurrin g from the CH2 
group o f  the r in g  and the hydride b e in g  tran s ferred  to  the most 
h ig h ly  su bstitu ted  carbon o f  th e p la tin acyc lobu tan e .
1 .5 .8  Neta llacyc lobu tane Rearrangement
In the courae o f  th e ir  s tu d ie s  o f  the chem istry o f  
p la tin acyc lob u tan es , Puddephatt, T ip p e r137 and coworkers d iscovered
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(1.63) (1.64)| «»-e lim in ation
r e d u c t iv eCl
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L-Pt-CHCHR’CHR*R» I-Pt—][1a 1 H^Ha
(1.61) (1.62)
Scheme 1.10. The a -e llm in a tio n  mechanism fo r  the decomposition o f  a 
p latinacyc lobutane to  g i v e  an y lid e  or a lkene.
35.
whereby a substituen t a t the carbon a to  the metal appears to  
m igrate  to  a 0 -pos ition  (1 .68 ) (e q .  1 .25 ).
eq. 1.25
R
(1 .67 ) (1 .68 )
The rearrangement is  a s k e le ta l  rearrangement ra th e r  than a
138 139substitu en t m igra tion . The rearrangem ent is  s t e r e o s p e c if ic
r e ta in in g  the stereochem istry  o f  th e  m e ta lla c yc le  and does not
in v o lve  redu ctive  e lim in a tion  o f  cyc lopropan e .
Severa l mechanisms have been proposed to  exp la in  the
140a v a ila b le  data. Hoffmann e t  a l .  have proposed a mechanism f o r  
the isom erisa tion  which in vo lves  u s in g  th e is o lo b a l analogy. I t  is  
known th a t the f i r s t  step o f  the rearrangement in vo lves  lo s s  o f  




Hoffmann e t  a l . 14°  con sid er  th e LC l^Pt un it in [ ]
(1 .6 9 ) to  have a pyramidal geom etry which i s  is o lo b a l to  CH .
Thus, the m etallacyclobu tane [ LC l2P t(C 3Hg ) ] is  iso lo b a l to  





—  c -
e
Hoffmann e le ga n tly  shows how th e topographies o f  the 
p o te n t ia l energy surfaces o f  the o rgan ic  and organom etallic  sp ec ies  
are s im ila r  in d ica tin g  th at the is o lo b a l inorgan ic  complex should 
e x h ib it  a pattern  o f  rearrangements s im ila r  to  those o f  C^H7 .
1.6 ICTALLACYCLOALKENES
In recen t years the importance o f  unsaturated tra n s it io n  
m eta lla cyc les  in a number o f  s to ic h io m e tr ic  and c a ta ly t ic  rea c t ion s  
has become apparent. There has been e x ten s iv e  research to in v e s t i -
37.
gate  the chemistry o f  m etallacyclobu tenes (1 .7 0 ). m eta llacyc lobu ta- 
d ienes (1 .7 1 ), metal lacyclopen tenes (1 .7 2 ) and metal lacyc lop en ta - 
dienes (1 .7 3 ). M etallacyclobutnnes and m etallacyclobutadienes a re
141 142—144interm ediates in the alkene and in alkyne metathesis,
r e s p e c t iv e ly .  M etallacyclopen tenes have been im plicated in a number
145o f  coo ligom erisa tion  rea c t ion s  o f  alkenes with alkynes and 
metal la c y c l open tad ienes are known to  be interm ediates in 
cyc lo tr im erisa t ion  o f  alkynes to  benzenoid compounds146,147. In 
con tra st the chemistry o f  s ix  membered unsaturated m eta llacyc les  
has remained r e la t iv e ly  unexplored.
< y O r\ n
M M M M
Ln Ln Ln Ln
(1 .70 ) (1 .71 ) (1 .7 2 ) (1 .73 )
1.7 SYNTHESIS AND REACTIONS OF METALLACYCLOBUTENES AND 
ICTALLACYCLOBUTADIENES
A general approach to  m eta llacyc lobu tad ienes is  the rea c t io n  
o f  metal-carbyne complexes w ith  alkynes. For example, the 
tungstenacyclobutadiene (1 .7 5 ) can be made by treatment o f  the 
metal-carbyne complex (1 .74 ) w ith  but-2-yne (eq . 1 .2 7 ).142
eq . 1 .27
C I3W Ï CC(CH3 )3
(1 .74 ) (1 .75 )
Schrock e t  have shown th at tungstenacyclobuta-
dienes are in term ediates in  th e  m etathesis o f  alkynes (Scheme
1 . 11) .
M = C -R ’
R '-C S C -R 1
X II 0 M — ■ c ' * ' M ?
1 1 _ || II ------- III ♦ I l l
r f 'C - < V r ? C ~
c x
R* & %
Scheme 1.11. In tercon vers ion  o f  alkyne-carbyne complexes w ith  
m eta llacyc lobu tad ien es .
M etallacyclobutenes (1 .7 6 ) can a lso  be made in the analogous 
rea ction  o f  m etal-carbene com plexes w ith alkynes (eq . 1 .28 ). K atz 
—  £ l148 have in ves tiga ted  th e m etal ca ta ly sed  rearrangement o f  
alkene-alkynes and the s te reo ch em is try  o f  the m etallacyclobu tene 




The tita n acyclobu ten e  (1 .7 8 ) has been shown to  be a tra n s ie n t
141interm ediate in  the a lk en e  m etathesis re a c t io n . I t  has been 
is o la ted  by rea ction  o f  the alkene m etathesis c a ta ly s t (1 .7 7 ) w ith  
an alkyne (eq . 1 .29 ).
/ \  .
[Til A l<
' a '
R -  =  - R
R
(1 .7 8 )
M eta llacyclobu tenes can a ls o  undergo in se rtion  o f  small 
molecules in to  one o f  the m etal carbon bonds. For example 
carbonylations o f  tita n o cen e  cyclobutenes (1 .7 9 )*  y ie ld  
t ita n ocen ev in y l ketene com plexes (1 .81 ) in v o lv in g  the t ita n ocen e - 
a cy l complex as an in term ed ia te  (1 .80 ) (e q .  1 .30 ).
40.
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The c y c l ic  ketone 2 ,3-dim ethylcyclopen t-2-enone is  obta ined 




Cp2 Ti ( CO) j a
S im ila r ly ,  treatm ent o f  (1 .7 9 ) w ith one equ iva len t o f  t e r t -  
butyl isocyan ide g ive s  the im ino-acyl complex (1 .8 2 ) in 





1.8 SYNTHESIS OF MET ALLACYCLO PENTE NES AND »CTALLACYCLOPENTADIENES 
M eta llacyclopen tad1enes o f  t r a n s it io n  m etals auch as
The coupling o f  two alkynea in  the coo rd in a tion  sphere o f  a 
metal to  form m eta llacyc lopen tad ien es  (1 .8 4 ) i s  the most common
The r e g io s e le c t iv i t y  o f  the c y c l is a t io n  process i s  c o n tro lle d  
by two fa c to r s ,  s t e r ic  and e le c t ro n ic .  When the substituen ts  are 
bulky, the s te r ic  fa c to r  con tro ls  the s e l e c t i v i t y .
M eta llacyclopen tenes (1 .85 ) are produced by a s im ila r  
rea c t ion  in vo lv in g  c ou p lin g  o f  an alkene and alkyne a t the metal 
c e n tr e .163 (e q . 1.34).
titanium . 151,152 zirconium 153,155 hafnium, co b a lt. 156-158
l. ,159 n ickel and pallad ium 160 have been rep o rted .
route to  these compounds (e q .  1 .33 ). 151-162 A m etallacyclopropene
(1 .8 3 ) i s  an in term ed ia te .
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R ecen tly ,164 th e  f i r s t  is o la b le  m eta llacyc le -carben e  complex 
(1 .8 7 ) has been p rep a red , in which two im portant c lasses  o f  
compounds have been combined in  a s in g le  mononuclear complex. 
Treatment o f  the ir id a cy c lo p en ta d ien e  (1 .8 6 ) w ith  but-3-ynol g iv e s  
the neu tra l complex (1 .8 7 ) (eq . 1 .35 ).
eq . 1 .35
« ' i R





M eta llacyclopen tad ien es  can a ls o  be syn thesised  by r ea c t io n  
o f  the metal d ih a lid e  w ith  the app rop ria te  1 ,4 -d ilith io b u ta d ien e . 
For example, one o f  th e  e a r l ie s t  examples o f  such a rea ction  i s  the 
treatm ent o f  [ Cp2Z rC l2 ] w ith 1,4 -d i l i t h io -1 ,2 ,3 ,4 - te t r a p h e n y l-  
butadiene (eq . 1 .36 ) t o  g iv e  the z irconacyclopen tad ien e (1 .8 8 ) .165
43.




Another common route to  compounds con ta in in g  the 
m eta llacyc lopen tad iene moiety (1 .9 0 ) is  r ea c t io n  o f  
2 ,2 -d il ith io b ip h e n y l (1 .89 ) w ith the metal d ih a lid e 165-169 (e g .  eq.
eq . 1.37
IPtCI2(1.S-COO)] .  ( Q r ~ ] Q )
(1 .8 9 ) (1 .9 0 )
R ecen tly , compounds such as (1 .91 ) which con tain  the
170m eta llacyc lopen tad iene moiety have been prepared.
(1 .91 )
1.9 REACTIONS OF ICTALLACYCLOPENTENES AM) ICTALLACYCLOPENTADIENES
1.9.1  C y c l is a t lo n  Reactions
M eta llacyc lopen ten es  and m eta llacyc lopen tad ienea p lay  
important r o le s  in  tra n s itio n -m eta l promoted rea ction s  o f  
unsaturated hydrocarbons.
1 .9 .1 .1  C y c lo tr lm e r ls a tlo n  o f  Alkynes 
M e ta llacyc lopen tad ien e  complexes a re  b e liev ed  to  be
important in term ed ia tes  in  the tra n s it io n  m etal ca ta lysed  c y c lo -  
tr im e r ia a t io n  o f  a lk yn es .171 C o b a lts - ,17^ *14^ rh oda-,14"1 and 
174
p a lla d a - , cyc lopen tad ienes have been tr e a te d  with a ce ty len es  to  
g iv e  benzene d e r iv a t iv e s  ( e . g .  Scheme 1 .1 2 ).
The r e a c t io n  in vo lves  in s e r tio n  o f  the coordinated alkyne 
in to  the m eta l-carbon  c  bond o f  the m eta llacyc lopen tad iene r in g  in  
compound (1 .9 3 )  lead ing to  m e ta lla cyc lo h ep ta tr ien es  (1 .94a ) and 
(1 .94 b ). The f i n a l  s tep  is  red u c tiv e  e lim in a tio n  o f  the benzene 
d e r iv a t iv e  (1 .9 5 )  w ith re le a s e  o f  the c o o rd in a t iv e ly  unsaturated 
metal fragm ent.
M e ta llacyc lopen tad ien es  a re  in term ed iates  in  the r ea c t io n  o f  
two alkynes w ith  an alkene lead in g  to  the form ation  o f  
c yc lo h exad ien ea . 166 M etallacyclopen tenes have been im p lica ted  in  a 
number o f  r e a c t io n s  o f  alkenes w ith alkynes ca ta lysed  by 
c o b a lt ,141,14® , rhodium147 and molybdenum.17^
45.
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Scheme 1 .12 . C yclotrim eri sa tion  o f  Alkynes in vo lv in g  metal la c y c lo -  
pentadiene as an in term ed iate.
1 .9 .1 .2  P yrid in e  Synthesis from Alkynes and N it r i le s
A cobaltacyclopentadiene (1 .9 6 ) is  a known in term ed iate  in 
the w e ll de fin ed  cob a lt-ca ta lysed  p y r id in e  synthesis from alkynes 
and n i t r i l e s . 13,14 Pyrid ines are te c h n ica lly  important f in e  
chem ica ls and can be made s e le c t iv e ly  and in one step from ethyne
46.
and th e  appropriate n i t r i l e  compound using so lu b le  organocobalt 
c a t a ly s t s  [Co ] (e q . 1 .38 ).
eq . 1.38
R -  H, CH3, HC ■ CH2 , NH2
The c s ta ly t ic  rea c t io n  in vo lves  coup lin g  o f  the two alkynes 
a t  th e  coba lt cen tre  to  form a m eta llacyclopen tad iene (1 .96 ) 
fo l lo w e d  by in s e r tio n  o f  the n i t r i l e  in to  the metal-carbon o-bond 
and red u c tiv e  e lim in a tio n  o f  the su bstitu ted  pyrid in e  (1 .9 7 ) (e .g .  
e q .  1 .3 9 ).
eq . 1.39
(1 .96 ) (1 .9 7 )
47.
1 .9 .2  M e ta l la c  arborane Synthesis
F eh ln e r  e t  a l . 178 have syn thesised  a m etallacarborane by a 
method in  which a m eta llacyc lopen tad iene is  used as the 
m eta l-carbon  source. Reaction o f  the coba lta cyc lopen tad ien e (1 .9 8 ) 
w ith  BH3 -THF produces the n ido cobaltacarborane (1 .9 9 ) in  20% y i e ld  
(eq . 1 .4 0 ) .
eq. 1.40
U .9 8 )  (1 .9 9 )
The s ign if ic a n c e  o f  th is  work l i e s  in  the demonstration th a t 
m e ta lla c y c le s  p rovide a v ia b le  route to  m etallacarboranes. 
C on s id e rin g  the v a r ie ty  in  the type o f  m eta lla cyc les  known, th is  
p a r t ic u la r  method may lead  to  some unusual compounds.
1 .1 0  X -R A Y  CRYSTAL STRUCTURES OF WTALLACYCLOBURNES,
IKTALLACYCLOBUTADIENES AND METALLACYCLOPENTADIENES
The reported  c ry s ta l s tru ctu res  o f  m eta llacyc lobu ta - 
, 142-144,177-180dienes show th at the r in g  e ith e r  adopts a planar
con form ation  con tain ing d e lo ca lis ed  bonds o r  a non planar 
con form ation  con tain ing lo c a lis e d  s in g le  and double bonds.182 
Many o f  the m eta llacyc lobu tad iene r in gs  a re  p lanar and
d e lo c a l i s e d .142,148,178 For example the WC^  r in g  system in compound 
178(1 .100 ) i s  p lanar.

49.
The r in g  in  titanacyclobu tene (1 .103 ) is  found to  be p lanar 
w ith  a lo c a lis e d  carbon-carbon double bond.161
Ph
(1 .103 )
The c ry s ta l  s tructures o f  m etallacyclopen tad ienes fo r  a wide 
range o f  metals show the r in gs  to  be e s s e n t ia l ly  planar with 
lo c a lis e d  s in g le  and double bonds. Hoffmann e t  al_.102 have 
in ves tig a ted  th e o re t ic a l ly  the absence o f  d e lo c a lis a t io n  o f  
e le c tro n s  in  these compounds. In  seve ra l t i t a n s - .151 h a fn a -,155 
c o b a lt s - ,156 rh o d a - ,156 and pa lladacyclopen tad ienes160 the bond 
length  sequence short/long/short v a r ie s  between 1.33 and 1.38 l  on 
o/te s id e to  1.39 and 1.51 A on the o ther.
1.11 SYNTHESIS AM) STRUCTURE OF METALLACYCLOPENTATRIENES
The f i r s t  example o f  a m eta lla cyc lopen ta tr ien e  has been 
rec en t ly  r e p o r te d .168 C yclod im érisation  o f  two molecules o f  ph en y l- 
acety len e a t the ruthenium( I I )  c en tre  in I(n-CgHgJRuin-CgH^JBr ] 
(1 .104 ) does not y ie ld  the expected m etallaeyclopen tad iene (1 .10 5 ) 
(s ee  Section 1 .8 ) but the m eta llacyc lopen ta tr ien e  (L106) (Scheme
1 .13 ).
50.
(1 .10 6 ) (1 .105 )
Scheme 1.13. Formation o f  a m eta lla cyc lo p en ta tr ien e  by cou p lin g  o f  
two alkenes a t an unaaturated m etal cen tre .
The X -ray c ry s ta l s tru ctu re  o f  (1 .106 ) shows that the 
pheny ltr iene substitu en ts  are in  the a -p o s it io n s . The ruthena- 
cyc lo p en ta tr ien e  r in g  is  c lo s e  to  p lanar w ith  the ruthenium atom 
ly in g  on ly 0.215 A out o f  the p lane.
The fo rm a tion  o f  a m eta lla cyc lo pen ta tr ien e  rather than th e 
expected m eta llacyc lopen tad iene is  thought to  be due to  the 
unsaturation a t  th e ruthenium c en tre . This is  shown by the f a c i l e  
ox id a tiv e  a d d it io n  o f  the m e ta lla c yc lo tr ien e  (1 .106 ) w ith donor 
ligands such as dimethylphenylphosphine to  g iv e  the 
ru thenacyclopentadiene [ ( n5-C5H5 )Ru(PMe2Ph)(C4Ph2H2)B r ] .
1.12 SYNTHESIS AND STRUCTURE OF METALLACYCLOHEXADIENES
U n til 1986, no examples o f  unsaturated s ix  membered 
p la t in a c y c le s  were known. The f i r s t  example o f  a compound 
con ta in in g  a 1 -m eta llacyc loh exa-2 ,4 -d ien e r in g  (1 .107 ) was rep o rted  
in 1986 by Hughes e t  a l . 184 Complex (1 .107 ) was made from 1 ,2 ,3 -  
t r ip h e n y l- 3-v in y lc y c lo p ro p - l-e n e  and the 16 e le c tro n  complex 
[P t(n ‘  -C2H4 )(PPh 3) 2 ] (e q . 1 .42 ).
eq. 1 .42
P h 3 P x
Ph3P /
«—II
Ph p f*1 Ph
P h 3P\  \______/
x ,p c > - p h
Ph3 PX H H H
Hughes e t  s i .  have a ls o  syn thesised  the a i r  s tab le  
l-rhodacyc loh exa-2 ,4 -d ien e  complex (1 .10 8 ).
PMe3
I Ph Ph
| H H Ph
*3
The X -ray c ry s ta l s tru ctu res  o f  complexes (1 .107 ) and (1 .10 8 ) 
show th a t the m eta lla c yc lic  r in g  con tains lo c a l is e d  s in g le  and 
double bonds between the carbon atoms. In both compounds the 
m e ta lla c y c lic  r in g  i s  puckered, although the r in g  in  the octahed ra l
compound (1 .108 ) is  le ss  puckered. The f la t te n in g  o f  the r in g  in  
(1 .108 ) i s  probably a resu lt o f  the presence o f  PMe3 above and 
below the r in g .
Th is f la t t e n in g  o f  the r in g  in  (1 .108 ) is  a lso  observed in  
so lu t ion  where low temperature n .m .r. s tud ies  o f  (1 .108 ) in d ic a te  
that even a t -96°C the CH  ^ p rotons are e ith e r  equ iva len t o r  the 
r in g  is  undergoing rap id  r in g  r e v e r s a l.  In con tra s t , n.m .r. s tu d ies  
o f  (1 .107 ) show that the CH2 protons in  the r in g  are in equ iva len t 
a t room temperature.
R ecen tly  B leeke e t  a l.*®®  have syn thesised  an 
ir ida cyc loh exad ien e  (1 .109 ) by treatm ent o f  [ C lIr (P E t3) 3 ] w ith  
potassium 2 ,4-d im ethylpen tad ien ide (eq . 1 .43 ).
a ir(P E 1 3)3 ♦  K* ------- < £ ^ , l r ( P E t j l j
eq. 1.43
(1.109 )
The X -ray c ry s ta l s tru ctu re  o f  (1 .109 ) again shows the 
presence o f  lo c a lis e d  s in g le  and double bonds in  the r in g . However 
the m e ta lla c y c lic  r in g  in (1 .109 ) i s  almost p lanar; none o f  the 
atoms d e v ia te  by more than 0.015 l  from the p lane. N.m.r. s tu d ies  
demonstrate th at the p lan a rity  o f  the m e ta lla c yc lic  r in g  is  
maintained in  s o lu t io n . The puckering o f  the r in g  in compounds
53.
(1 .107 ) and (1 .108 ) may a r is e  from the need to  minimise s t e r ic  
con tacts between the phenyl substituents on the r in g  carbons.
A ruthenium m etallacyclohexad iene (1 .11 0 ) has been prepared 
by rea ction  o f  [ Ru(H)2(C 0)(PPh3) 3 ] w ith m ethylprop io la te  (e q . 
1 .44 ). The rea c t ion  in vo lves  seve ra l steps and the resu lt in g  
m eta lla cyc le  con sis ts  o f  th ree m ethy lprop io la te  molecules and a
, 187ruthenium.
A molybdenum m etallacyclohexad iene has been reported  to  be a
1.13 SYNTHESIS AND STRUCTURE OF METALLACYCLOHEXATRIENES
M eta llacyclohexa trien es a re  an in te r e s t in g  c la ss  o f  compounds 
because th ere  is  the p o s s ib i l i t y  o f  d e lo c a lis a t io n  over the s ix
eq. 1.44
lR u(H )2(CO){PPh3) 3 ) ♦  3 CH3 C0 2CH=CH2
PPh3
( 1. 110)
atoms o f  the r in g  to  g iv e  an aromatic m etallabenzene. Precedents 
fo r  th is  occu rrin g  are known in main group chem istry. Replacement
54.
o f  a CH group in  benzene by N, P o r  As leads  to  s tab le  arom atic
m olecules such as p y r id in e , phosphabenzene189,190 and
arsabenzene. 191’ 192 Replacement o f  CH by th e is o e le c tro n ic  0 *  leads
193to  the form ation  o f  the pyrylium  anion w h ile  replacement by B Ph
194leads to  the form ation o f  1-phenylborabenzene anion.
Replacement o f  a CH group in  benzene by a tra n s it io n  metal 
to ge th er  w ith  i t s  a ssocia ted  ligan ds  and th e th eo re t ic a l 
p o s s ib i l i t y  o f  e le c tro n  d e lo c a lis a t io n  in  the resu lt in g  r in g  has 
been con sidered  by Thom and Hoffmann.182 Such a system (1 .1 1 1 ) is  
a m eta lla cyc loh exa trien e  or "m eta llab en zen e".
w O
(1 .111 )
Only one metallabenzene [ 6 s ( CSCHCHCHCH)CO( PPh,) 2J (1 .1 1 2 ) has 
195p rev iou sly  been reported  in the l i t e r a tu r e .  The X-ray c r y s ta l  
s tru ctu re  shows the s ix  membered r in g  is  p lana r with no s ig n if ic a n t  
a lte rn a t io n  o f  carbon-carbon bond len g th s , thus supporting the idea 
o f  e le c t ro n  d e lo c a lis a t io n  w ith in  the r in g .
PPh3
( l . i i ? )
A ll is o n  e t  a l. .196 attempted to  prepare a m etallacyclohexa- 
t r ie n e  m oiety by tre a tin g  [ (C^H^JFeiCOl^I ) with (E ,E )-1 ,4 P-  
d ilith io -1 ,4 -d ip h en y lb u tad ien e  with the assumption that concomitant 
form ation  o f  m etal-acyl and metal-carbene bonds would occur.
Complex (1 .114 ) was formed (e q . 1 .45 ). However i t  was proposed that 
the ferrabenzene complex (1 .113 ) was a p la u s ib le  in term ed iate.






/  (1 .114 )
(C H3)jO B F4
Schrock e t al_.144,197 ( |- l j 2 ) have found that [ W(CEt) ( OBu*)^J
rea cts  w ith  hex-3-yne to  g iv e  a pentaethy1eye1opentadienyl ligand
(1 .116 ) (e q .  1 .4 6 ).  In th is  case a ;ta lla c y c lo h ex a tr ien e  (1 .11 5 )
is  a p o s s ib le  in term ed ia te .
WICEtHOBu'lj  .  E t C i C E t ^ w
o  0  'O B u *
W,
\ / (1 .116 )
eq . 1.46
(1 .115 )
1.14 AIKS OF THE PRESENT WORK
In  c o n tra s t  to  the very  con siderab le  amount o f  research 
ca rr ied  ou t on m etallacyclopen tanes and m eta llacyc lobu tanes, 
m eta llacyc lohexanes remain r e la t i v e ly  unexplored. No X-ray c ry s ta l  
s tru ctu re  o f  a m etallacyclohexane has been rep o rted .
In  v iew  o f  the r ic h  con form ational p ro p er tie s  o f  cyclohexane 
and oth er s ix  membered r in gs  we thought i t  would be in te r e s t in g  to  
syn thesise  a s e r ie s  o f  p la tinacyclohexanes and determ ine how the 
metal and su b s titu en ts  on the r in g  a f f e c t  the conform ation.
S im ila r ly ,  m etallacyclohexad ienes and e s p e c ia l ly  
m eta lla cyc loh exa trien es  remain unexplored in  comparison to  the 
sm aller s i z e  m eta lla cyc lo a lk en es . The chem istry o f  compounds 
con tain ing the p latin acycloh exad iene m oiety and the p o s s ib i l i t y  o f  
ob ta in ing a p la tin a cyc loh exa tr ien e  o r  'p la tin a ben zen e ' moiety were
CHAPTER TWO
SYNTHESIS, CHARACTERISATION AND CONFORMATIONAL STUDIES 
OF SATURATED AND UNSATURATED SIX MEMBERED PLATINACYCLES
2.1 CONFORMATIONAL STUDIES OF SATURATED AND UNSATURATED SIX 
ICMBERED HETEROCYCLES
2 .1 .1  Saturated S ix  I •ered H eterocyc les
Conform ational an a lys is  o f  s ix  membered h e te rocyc les  i s  a 
to p ic  o f  wide in t e r e s t .198-204 The replacem ent o f  a s in g le  
m ethylene u n it in  cyclohexane by a heteroatom  and i t s  a ssoc ia ted  
su b s titu en ts  o r  lon e  p a irs  p rov ides  r in gs  w ith  a r ic h  v a r ie t y  o f  
con form ational p ro p e r t ie s .  The con form ational s tu d ies  that have 
been repo rted  have been concerned w ith  h e te rocy c le s  con ta in in g  main 
group elements.^®®” 211
212 213The most common con form ation adopted by cyclohexanes * 
and sa tu rated  s ix  membered h e te rocy c le s  is  the ch a ir  (F ig . 2 .1 )  in  
which a l l  the bonds are  s taggered .
F ig .  2 .1 .  Chair con form ation o f  cyclohexane.
58.
The to rs ion a l arrangements o f  the r in g  atoms in  cyclohexane 
are  a lte r e d  when a methylene u n it i s  rep laced  with a heteroatom . As 
a r e s u lt ,  the r in g  may be more f la t te n e d  o r  puckered than 
cyclohexane. In some cases c e rta in  portion s  o f  the r in g  are
Chair conform ations undergo r in g  r e v e r s a l,  o ften  r a p id ly  on
lineshape an a lys is  the k in e tic  parameters f o r  the process have been
heteroatom  and the nature o f  the substitu en ts  on the r in g .
Any process e q u ilib r s t in g  two equ iva len t cha ir  forms 
in vo lve s  ro ta t io n  about certa in  bonds. Therefo re  the b a rr ie r  to  
r in g  reve rsa l w i l l  be dependent on the b a r r ie r s  to to rs ion  about 
these bonds. I f  the C-X to rs ion a l b a r r ie r  is  considerab ly d i f fe r e n t  
from the C-C to rs ion a l b a rr ie r , then the r in g  reversa l in the s ix  
membered h e terocyc le  can be expected to  be d i f fe r e n t  from th at o f
f la t te n e d  w hile others  with in the r in g  are puckered.199
the n.m .r. tim esca le  a t ambient temperatures (eq . 2 .1 ) .213
eq. 2.1
This f lu x io n a l it y  has been stud ied  by va r iab le  temperature 
l H n.m .r. spectroscopy fo r  many h e te ro cy c le s214 and from n.m .r.
determined. 215 G enera lly  the f r e e  energy o f  a c t iv a t io n  AG *  f a l l s  in 
) k j mol“ 1 , 198 the p re c is e  va lue depending on thethe range 25-60 J '
201cyclohexane.
59.
Replacement o f  a methylene u n it in cyclohexane by o th e r  
Group IV (group 14) elements and th e ir  su b stitu en ts  causes the 
b a r r ie r  to  r in g  r e v e rsa l o f  the r es u lt in g  c h a ir  conformation to  be 
low ered . For example the r in g  r e v e rsa l o f  1 ,1 —d im e th y ls ila c y c lo — 
hexane (2 .1 b ) has been studied by low tem perature n .m .r. methods 
and has a low er b a r r ie r  (A G * «  23 .0  kJrnol” 1 ) 211 than cyclohexane 
(2 .1 a ) (A G * «  43.1 kJ mol*1) . 216 Few con form ational stud ies  have 
been reported  f o r  the other s ix  membered r in g s  con ta in in g Group IV 
heteroatom s. Germa- (2 .1 c ) ,217 stanna- (2 .1 e )218 and plumba- 
( 2 . I f ) 218 cyclohexanes are known and by an alogy with 
s ila cyc lo h exa n e , the b a rr ie r  to  r in g  r ev e rsa l should be low , but 
these have not been reported . The proton spectrum o f  1 ,1-d im ethyl 
germacyclohexane (2 . Id )  remained unchanged down to  -130 *C a t  a 
f i e l d  corresponding to  270 MHz.217
R R
(2 .1a ) X -  C, R ■ H
(2 .1b ) X -  Si R
( 2 . 1 0 X -  Ge, R «  H
(2 . Id ) X -  Ge,
(2 . l e )  X «  Sn R «  H
(2 . I f ) X -  Pb R -  H
60.
For the group V (group 15) h e te ro cy c le s  the fre e  energy  o f  
a c t iv a t io n  AG* fo r  r in g  rev e rsa ls  are in  th e  general o rder
N > P > As. Most o f  the con form ational s tu d ie s  have been concerned
219-??6w ith  p ip e r id in e  (2 .2 a ) and i t s  d e r iv a t iv e s .  P ip e r id in e s
su b s titu ted  a t  n itrogen  on ly , a re  a l l  found to  adopt ch a ir  
con fo rm ation s .
of
R
(2 .2 a ) X • N. R - H
(2 .2b ) X - N, R - CH.
(2 .2 c ) X - P, R - H
(2 .2d ) X - As, R - CH.
(2 .2 e ) X - Sb, R - H
(2 .2 f ) X . B i. R . H
The r in g  in  p ip e r id in e  i t s e l f  and i t s  N-methyl d e r iv a t iv e  
(2 .2 b ) is  e s s e n t ia l ly  u n d istorted  from the shape o f  the cyclohexane 
c h a ir ,  d esp ite  the s l i g h t ly  d i f fe r e n t  C-N bond length  and C-N—C 
bond an gle . The b a r r ie r s  to  r in g  r ev e rsa l o f  both p ip e r id in e  (A G * -
43 .5  kJ s o l - 1 ) and i t s  N-methyl d e r iv a t iv e  (A G * -  50.2 kJ mol” 1 ) 
a re  s l i g h t ly  h igher than th at o f  cyc lo h exan e .226
In  the sim ple phosphorinane (2 .2 c ) th e bond angles around 
th e t r iv a le n t  phosphorus atom have been found to  be s ig n i f ic a n t ly
61.
le s s  than te tra h ed ra l227 and th e re fo re  i t  i s  reasoned that the 
phosphorus atom has a h y b rid isa tio n  between p and sp’ . The sm a ller  
C-P-C bond angle and lon ger C-P bonds led  to  s l i g h t ly  fla tten ed  
ch a ir  conform ations compared w ith  cyclohexane. The fre e  energ ies  o f  
a c t iv a t io n  fo r  r in g  rev e rsa l were found228,229 to  be about A G * *
35.5 kJ mol 1 f o r  a l l  substituents on phosphorus, s ig n if ic a n t ly  
low er than those in  the analogous p ip e r id in e s . The b a rr ie r  to  r in g  
r e v e rsa l o f  1-methylarsenane (2 .2 d ) (A G * *  28.5 kJ mol-1 ) 230 is  
low er than that o f  the corresponding phosphorinane. Conformational 
s tu d ies  o f  antimonane (2 .2 e ) and bisminane198 (2 .2 f )  have not been 
rep o rted .
In  the group VI (group 16) h e te rocyc les  the fre e  energy o f  
a c t iv a t io n  AG* fo r  r in g  rev e rsa l decreases on passing down the 
group, i . e .  0 > S > S e > T e .  Tetrahydropyran (2 .3 a ) has a cha ir 
con form ation th at i s  s l i g h t ly  f la t te n e d  from the shape o f  
cyc loh exan e .1"  Th is d is to r t io n  i s  a re s u lt  o f  th e la rg e r  C-O-C 
bond an gle  and sh o rte r  C-0 bond len g th . The b a r r ie r  to  r ing  
rev e rsa l (AG* *  43.1 kJ mol“ 1) 231 is  very  s im ila r  to  that o f  
cyclohexane.
In  th iane (2 .3 b ),  the lon ger C-S bond and the sm aller C-S-C 
an gle  cause the th iane r in g  to  be d is t in c t ly  puckered with respect 
to  shape o f  cyc lohexan e.200 However, the b a r r ie r  to  r in g  reve rsa l 
o f  th iane (A G * *  39.3 kJ mol 1) 232 is  lower than fo r  tetrahydro­
pyran. This i s  probab ly due to  the low er to rs io n  fo r  the C-S bond 
(8 .91  kJ mol-1 ) as compared with the C-0 bond (10 .46  kJ mol-1 ) . 208
The selenium and te llu riu m  h e te rocy c les  a re  s im ila r  to 
th iane in  th at the r in gs  are a ls o  h igh ly  puckered .232 The b a r r ie r  
to  r in g  rev e rsa l in  selenane (2 .3 c )  (AG* = 34.7 kJ mol- 1 ) is  
s l i g h t ly  lower than in  th iane w ith  the b a r r ie r  in  te llu ra n e  (2 .3 d ) 
(A G * »  30.5 kJ mol- 1 ) even low er. I t  would appear that angle 
bending is  much le s s  important than the bond to rs io n  in  determ ining 
the b a r r ie r  to  r in g  rev e rsa l, s in ce  th e b a r r ie r  t o  r in g  rev e rsa l 
becomes low er as the degree o f  puckering in c re a s e s .232 The decrease 
in  the energy b a r r ie r s  a re  re la ted  to  s im ila r  decreases observed in  
the C-X to rs ion .
0
(2 .3 a ) X -  0
(2 .3b ) X « s
(2 .3 c ) X -  Se
(2 .3d ) X -  Te
2 .1 .2  Uhsaturated S ix  Meabered H eterocyc les
One c la ss  o f  compounds which con ta in  s ix  membered hetero­
c y c le s  a re  9, lO -dihydroheteroanthracenes (2 . 4 ) . 233-237
63.
The heteroatom  in  the many examples o f  these compounds 
rep o rted  (2 .5 a ) -  ( 2 . 7d)^38-248 a re  main group elem ents.
(2 .5 a ) M = 0
(2 .5 b ) M = S
(2 .6 a ) M «  P, R -  CH3 (2 .7 a ) M -  C, R -  H
(2 .6 b ) M -  As, R -  CH3 (2 .7 b ) M -  S i, R -  H
(2 .6 c ) M *  Sb, R -  CH3 (2 .7 c ) M -  S i, R -  CH.
(2 . 7d) M -  Sn, R -  CH.
I f  such m olecules are to  be p lanar, a l l  the in tern a l an gles  
o f  the h e te ro c y c lic  r in g  are req u ired  to  be 120*. This would be 
expected  to  in trodu ce con sid erab le  angle s tra in  in to  the m olecule
s in ce  the heteroatom  a t  p os it io n  9 and the te tra v a le n t  carbon atom 
a t p os it io n  10 req u ire  g re a t ly  reduced angles in  the range 90-109°, 
in  th e ir  coo rd in a tion  geom etries . Hence they a re  fo ld ed  about the 
C (10 )-X  a x is  and g iv e  r is e  to  fo ld e d  molecules in  which the s ix  
membered h e te ro cy c le  adopts a boat conform ation (F ig .  2 .2 ).
F ig .  2 .2 . Boat conform ation o f  c e n tra l r in g  o f  9 ,10-dihydro 
anthracenes (X *  carbon o r  heteroatom ).
A measure o f  the degree o f  fo ld in g  is  g iv en  by the d ihedra l 
angle o f  f o ld , 249 which is  the a n g le  between the two planes [C (9 ) ,  
C (10 ), C ( l l ) ,  C (12) ] and (C (9 ), C (1 0 ), C (13 ), C (1 4 )] (F ig .  2 .3 ) .  A 
p lanar t r i c y c l i c  m olecule would have a d ihedra l angle o f  fo ld  o f
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F ig . 2 .3 . D ihedral angle 6 between planes (C (9 ),  C (10 ), C ( l l ) ,  
C(12)] and [C (9 ) , C (10 ). C (14 ), C (1 3 )].
In 9,10-dihydroanthracene the optimum geometry has been 
ca lcu la ted  by m olecular mechanics249 to  be p lanar although the 
energy requ ired  fo r  non planar d is to r t io n  is  sm a ll. The energy 
requ ired  fo r  20° d is to r t io n  from p la n a r ity  is  ca lcu la ted  to  be on ly
1.7 kJ mol 1. The thermal energy a v a ila b le  a t  room temperature (RT 
*  2 .5  kJ mol * )  and the entropy con tribu tion  favou rin g  lower 
symmetry w i l l  r e s u lt  in la rge  puckering am plitudes. The X-ray 
c ry s ta l structu re o f  9,10-dihydroanthracene in d ica te s  that the 
cen tra l r in g  adopts a boat conform ation with a d ih ed ra l angle o f  
250145».
The X ray c ry s ta l stru ctu res o f  a number o f  substitu ted
9 .10- dihydroanthracenes and 9 , lO-dihydroheteroanthracenes have been 
determ ined.251 259 I t  is  ev iden t th a t the nature o f  the heteroatom 
and the number and type o f  substituents  a f f e c t  th e geometry o f  the
9.10- dihydroanthracene. The d ihedra l angle o f  f o ld  is  a ffe c ted  by 
the presence o f  the heteroatom, e .g .  th is  angle is  reduced from 
145* in 9,10-dihydroanthracene (2 .7 a ) to  136° in
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9 . 10- d ih yd ro -9 -s ilaan th racen e  (2 .7 b ) .25^ The number and nature o f  
su bstituen ts  R (o th e r  than hydrogen) on the 9 and 10 p o s it io n s  o f  
the r in g  a lso  a f f e c t  the d ihedra l a n g le  o f  f o ld .  When the 
te tra v a le n t carbon atoms a t  the 9 and 10 p o s it io n s  in
9 .10- d ihydroanthracene bear su b s titu en ts , these may occupy
pseudo-axia l (R ) o r  p seu do-equ atoria l p o s it io n s  (R ) ax eq
(F ig .  2 .4 ).
F ig . 2 .4 . Su bstituents  R on meso p o s it io n s  9 and 10 may occupy
pseu do-axia l ( R ^ )  o r  pseu do-equatoria l ( R ^ )  p o s it io n s .
The placement o f  one o r  two su bstitu en ts  in  the pseudo-axia l 
p os itio n s  resu lts  in  an increase  in the d ihedra l an gle  o f  fo ld  
r e la t iv e  to  the paren t 9 , lO -dihydroanthracene (R ■ R* ■ H ), i . e .  
causes f la t te n in g  o f  the c en tra l r in g ,^ 53 whereas a su bstitu en t in  
the pseu do-equatoria l p o s it io n  r e s u lt s  in  a decrease in  the angle 
o f  fo ld  (Tab le  2 .1 ) .
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Tab le  2 .1. D ihedral an gles  o f  substitu ted  9 , 10-dihydroanthracenes.
R R* D ihedra l Angle
H R'
H H 14Si50
H C (C H -), 8 1 4 7 « 5
H R 3 3
C „3 * c 2" 5 ‘ 152256
CH(CH3 >2 a X29257
a occupy pseudo-axia l p o s it io n  
e  occupy pseu do-equatoria l p os it io n
Not on ly  is  the degree o f  su b stitu tio n  an im portant fa c to r  in 
in flu en c in g  th e geometry o f  the r in g  but a lso  the stereochem istry  
o f  the su bstitu en ts . For example, in  trans- 9 , 10 -dihydro-9 .10- 
d ip ropy l-an th racen e-19 ,10- d io l  (2 .8 ) the t r i c y c l i c  system  is  
e s s e n t ia l ly  p la n a r .251,259 In a planar con figu ra tion  the 
in te ra c t io n s  between the p e r i protons on carbon atoms C ( l ) ,  C (4 ),
C (5 ) and C (8 ) and the 9 , 10-substituents are minimised. However in 
the c is -isom er (2 .9 ) the c en tra l r in g  adopts a boat
,  251,259con form ation.
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(2 .8 )  (2 .9 )
In so lu t ion  the boat conform ation can undergo r in g  rev e rsa l 
(e q .  2 .2 ) to  i t s  in ve rted  form .233,260
eq. 2 .2
" “W  =
The tra n s it io n  s ta te  fo r  r in g  reve rsa l is  most l i k e l y  to  be 
p lanar req u irin g  in tern a l angles in  the h e te ro c y c lic  r in g  o f  
approxim ately 120*.244 The fou r tr ig o n a l carbon atoms o f  the 
h e te ro c y c lic  r in g  a lready  have the planar geometry fo r  the 
tra n s it io n  s ta te . Both the heteroatom and te tra va len t carbon atom 
a t p o s itio n s  9 and 10 have to  undergo angle deform ations to  obta in
th is  planar geom etry. In trod u c tio n  o f  a heteroatom in to  the r in g  
w i l l  th ere fo re  be expected  to  a l t e r  the energy b a r r ie r  by increased 
o r  decreased an gle  s t r a in  e f f e c t s .
Su bstituents  a t  e ith e r  the 9 o r  10 p o s it io n  w i l l  a ls o  a f f e c t  
the b a r r ie r 233 s in c e  in  the t r a n s it io n  s ta te  the non bonded 
in tera c tio n s  between the p e r i protons on carbon atoms C ( l ) ,  C (4 ) t 
C (5 ) and C (8 ) and the su b s titu en ts  w i l l  be increased (F ig .  2 .5 ).
F ig . 2 .5 . Proposed p lanar tr a n s it io n  s ta te  o f  r in g  r e v e rsa l in
which R su bstitu en ts  a t  meso p o s it io n s  9 .and 10 may be 
su b jected  to  non bonded in te ra c tio n s  w ith the peri 
protons on C (1 ).  C (4 ) ,  C (5 ) and C (8 ).
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The f lu x io n a l it y  o f  the r in g  r ev e rsa l has been stud ied  by 
v a r ia b le  temperature *H n .m .r. spectroscopy .260 The 1H n.m .r. 
sp ec tra  o f  many o f  the unsubstituted 9 ,10-dihydroheteroanthracenes 
and 9,10-dihydroanthracene i t s e l f ,  con s is ts  o f  a s in g le t  fo r  the 
methylene protons a t ambient tem perature.260 This a lone does not 
d is t in g u ish  between a ra p id ly  In vertin g  system or a s t a t ic  planar 
one. However 9 ,10-dihydroanthracene has a d ip o le  moment o f  0 .4  D in  
s o lu t io n 261 and so in d ica te s  th at the compound is  non planar in  
s o lu t io n .
The b a r r ie r  fo r  r in g  reve rsa l in  9 ,10-dihydroanthracenes and 
s t r u c tu ra lly  s im ila r  h e te rocyc les  is  q u ite  low ( <  30 kJ mol-1 ) 244 
and attem pts to  measure the b a r r ie r  fo r  r in g  reve rsa l in  9,10- 
dihydroanthracene i t s e l f  have been unsuccessfu l. The methylene 
protons are  n .m .r. eq u iva len t even a t -100 *C and 100 t H z . 262
The low energy b a r r ie r  o f  9,10-dihydroanthracene and 9,10- 
d ihydro—9—heteroanthracenes is  due to  the absence o f  any atoms 
(o th e r  than hydrogen) bonded to  the meso p o s it io n s , 9 and 10, 
requ ired  to  pass by the p e r i protons to  ach ieve conform ational 
exchange.
In  9,10-dihydroanthracene (R*H) the two boat conformers are 
in  1:1 equ ilib r iu m  (e q . 2 .3 ) .  However the presence o f  a substituent 
R oth er than hydrogen a t  the 9 p os it io n  can a l t e r  th is  equilibrium  
to  favour one o f  the two con form ers,263 i . e .  e ith e r  A in  which R is  
pseu do-axia l or E in  which R i s  pseudo-equatoria l (e q .  2 .3 ).
71.
eq . 2.3
Conformational s tu d ies  o f  9 -a lk y l- 9 , 10-dihydroanthracenes 
(2 . lO a -e ) have shown that when R = E t, Bu* o r  P r, the boat e x is ts  
p r e fe r e n t ia l ly ,  i f  not e x c lu s iv e ly  in  conformer A where R is  
pseu do-axia l. The 9-methyl (2 .10d)and 9-phenyl (2 .10e ) su bstitu ted  
compounds appear to  e x is t  as equ ilib rium  m ixtures o f  the two 
conformers but w ith  R predom inantly in  the pseudo-axia l p o s it io n .
R
(2 .10 a ) R-Et 
(2 .10 b ) R.Bu* 
(2 .1 0 c ) R-Pr 
( 2 . lOd) R-Me
(2 . lOe) R»Ph
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In  both conformera A and E, i t  is  the pseu do-equatoria l 
groups which undergo the g r e a te s t  non bonded in te ra c t io n s  w ith  the 
p e r i protons. Thus to  a l l e v ia t e  these in te ra c t io n s , bulky 
substitu en ts  p re fe r  to  occupy pseudo-axial p o s it io n s .
w ith  lon ger range hom oa lly lic  coup ling to  the meso proton a t 
C (9 ) observed. The spectra  f o r  (2 .10a-d ) are e s s e n t ia l ly  
independent o f  temperature to  -37 *C a t 100 MHz.
In  con tra s t to  the o th e r  a lk y l d e r iv a t iv e s ,  the 9-phenyl 
d e r iv a t iv e  (2 .1 0 e ) e x h ib its  equal hom oally lic  coup lin g  a t  room 
temperature but a t  -37 *C the two couplings a re  no lon ger equal.
The b a r r ie r  to  r in g  in vers ion  is  low when R*Ph^®^ because the 
phenyl group can l i e  p a r a l le l  to  the C (9) and C (10) ax is  (F ig .  2 .6 ) 
as the system passes through the tran s itio n  s t a t e ,  thereby reducing 
the s t e r ic  in te ra c t io n s  w ith  the p e ri protons r e la t iv e  to  those in 
the case o f  R *  methyl o r  a la r g e r  group.
F ig .  2 .6 . T ra n s ition  s ta te  o f  r in g  reversa l o f  (2 .10 e ) where phenyl 
su bstitu en t l i e s  p a r a l le l  to  C (9) and C (10) a x is .
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2 .1 .3  Aims and Scope o f  th e  Present Work
The con form ational s tu d ies  reported  to  date ol iturated  s ix
membered h e te rocyc les  or unsaturated 9 ,10-dihydrohetero anthracenes 
have been concerned w ith p b lock heteroatoms. These atoms are 
s im ila r  to  carbon in  two resp ec ts . F ir s t ly  they use s and p 
o r b ita ls  in  th e ir  h yb rid isa tio n  and th ere fo re  have bond an gles  in 
the range 90-109° and secondly  the atoms are usually o f  comparable 
s i z e .  No con form ational s tu d ies  have been reported  fo r  e ith e r  c lass  
o f  h e te rocy c les , where the h etero  atom is  a tra n s it io n  metal 
element. I t  was th ere fo re  o f  in te r e s t  to  determine the e f f e c t  o f  
r ep la c in g  a methylene u n it in  the s ix  membered saturated 
cyclohexane by p la t in u m (II ) (2 .11 ) on the conformation o f  the r in g  
and the b a r r ie r  to  r in g  r e v e r s a l .
P la tin u m (II ) un like the heteroatoms p rev iou sly  d escribed , 
can use s, p and d o r b ita ls  in  i t s  h yb rid isa tion  and g en e ra lly  has 
a square p lanar geometry req u ir in g  an angle o f  90°. I t  is  a ls o  much 
la r g e r  than a carbon atom (c o va len t r a d i i ,  P t: 1.31 X; C (sp ’ ) :
group heterocyc les  how the sm a ller  C-Pt-C angle and the lon ge r  C-Pt
i r  x
( 2 . 1 1 )
0.77 X ).264 I t  is  not c le a r  from the previous stud ies on the main
bonds (ca 0 .5  A lon ger than C-C bonds) w i l l  a f f e c t  the conform ation 
o f  the r in g  compared to  cyclohexane.
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M eta lla cyc les  con ta in in g  tra n s it io n  m etals are known to  be 
im portant in term ed iates  in  a number o f  s to ich io m etr ic  and c a ta ly t ic  
r e a c t io n s .17**® A knowledge o f  the chemical and ph ys ica l p ro p ertie s  
o f  such compounds is  important in  ga in in g  an understanding o f  these 
p rocesses.
S im ila r ly ,  i t  would be o f  in te r e s t  to  determ ine the e f f e c t  
o f  rep la c in g  the methylene un it a t  the 9 -p o s it io n  in  9 , lO -d ihydro- 
anthracene by p la t in u m (II )  and i t s  l ig a t in g  groups (2 .1 2 ) on the 
con form ation o f  the r in g .  The fa c t  th at the platinum has a square 
p lanar geometry not on ly  means i t s  bond angles are reduced to  90s 
but th a t i t s  coord ina ted  ligands w i l l  be in  the same p lane as the 
platinum atom and l ig a te d  carbon atoms C (12) and C (13 ).
L  Y
( 2. 12)
These ligands may be sub jected  to  non bonded in te ra c tio n s  
w ith the p e ri protons on carbon atoms C ( l )  and C (8 ) and th is  may 
a ls o  a f f e c t  the con form ation o f  the s ix  membered h e te ro c y c lic  r ing .
F in a lly ,  i t  would be in te r e s t in g  to  compare the e f f e c t  o f  a 
square planar platinum atom on the ch a ir  con form ation o f  a s ix  
membered saturated r in g  and the boat conformation o f  a s ix  membered
unsaturated r in g .
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To d a te , there have been no rep o rts  o f  arom atic s ix  membered 
p la t in a c y c le s . Complexes o f  the type (2 .1 2 ) would th e re fo r e  be o f  
added in t e r e s t  in  in v e s t ig a t in g  the p o s s ib i l i t y  o f  con vertin g  
(2 .1 2 ) in to  an unsaturated p latinaanthracene ( 2 . 1 3 ) .
Protons have been abstrac ted  from s im ila r  9 ,10 -d ihydro 
heteroanthracenes to  produce f u l l y  unsaturated anthracene type
2 .2  SYNTHESIS AND CHARACTERISATION OF SATURATED 
PLATINACYCLOHEXANES
The th ree  p latin acycloh exan es (2 .1 6 a ), (2 .17 ) and (2 .18a) 
su bstitu ted  a t  the 4 -p o s it io n , were syn thesised  i n i t i a l l y  to  see 
how the presence o f  the square planar platinum atom and the
1 *
L L
( 2. 12) (2 .13 )
such as (2 .1 5 ) in  eq. 2 .4 .
eq . 2.4
(2 .1 4 ) (2 .15 )
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su bstituen ts  would a f f e c t  the conformation o f  the s ix  membered 
r in g .  The con form ation o f  the r in gs  were studied by n .m .r. 
spectroscopy and X-ray crys ta llo grap h y .
The com p lex ity  o f  the *H n .m .r. spectrum (F ig .  2 .7 ) o f  
p la tin acycloh exan e (2 .16a ) due to  the presence o f  l H-31P and
1 195H- Pt coup lin gs, prompted the syn thesis  o f  the deuterated 
p latinacyclohexane (2 .1 9 ).  I t  was reasoned that by is o la t in g  the a 
and y protons by chem ical su b stitu tio n  o f  the 8 protons by 
deuterium, the *H n .m .r. spectrum would be s im p lif ie d  by 
e lim in a tio n  o f  the coup lings to  the 8 protons.
Su itab le  c r y s ta ls  o f  the c lo s e ly  re la ted  unsubstituted 
p latinacyclohexane (2 .16b ) were obtained to  study the conformation 
o f  the r in g  by X -ray c rys ta llo grap h y . To determine the e f f e c t  o f  
su b s titu tio n  on the r in g  the p latinacyclohexane (2 .18b ) was 
syn thesised  and s u ita b le  c ry s ta ls  obtained so th at a d ir e c t  
comparison could be made.
(2 .16 a ) L-PPh3 (2 .1 7 ) LwPPhj 
(2 .16b ) L-PMe2Ph
(2 .18a) L«PPh3 (2 .1 9 ) L»PPh3 
(2 .18b ) L »  PMe ^  Ph
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2 .2 .1  Synthesis o f  the 1,5-Dibromopentane Precursors
The 1 ,5 -d ilith io p en ta n e  and 1 ,5-bis(bromomagnesium) pentane 
reagen ts  used in  the syn thesis  o f  the p latinacyclohexanes ( 2 . 16a ) ,  
(2 .1 6 b ),  (2 .1 7 ), (2 .1 8 a ),  (2 .18b ) and (2 .1 9 ) (see  Sec tion  2 .2 .2 ) 
were prepared front the corresponding 1, 5-dibromopentane.20 
1 ,5-Dibromopentane was com mercially a v a ila b le .  1 ,5-Dibromo-3-methyl 
pentane was prepared from the d io l  by re flu x in g  in  a m ixture o f  
hydrobromic ac id  and sulphuric a c id  fo r  th ree hours267 (s e e  eq. 
2 .5 ) .
i H 8 rU 8% )
ii H2S04
Severa l steps were in vo lved  in  the syn thesis  o f  1,5-dibrom o- 
3 ,3-d lm ethylpentane.267,268,269 3 ,3 -D im eth ylg lu taric  a c id  was used 
as the s ta r t in g  m a teria l and the rou te  used was th at shown in
Scheme 2 .1.
78.
0 0 i Et OH




B r Br HO OH
Scheme 2 .1 . Synthesis o f  1 ,5-d ibrom o-3 ,3—dimethylpentane.
A l l  the steps in vo lved  were m od ifica tion s  o f  l i t e r a tu r e
op tim ised . The y ie ld s  o f  the 1 ,5 -d ilith io p en ta n e  reagen ts  with 
a lk y l substitu en ts  a t  the 3 -p o s it io n  were lower than th a t o f  the 
unsubstituted 1 ,5 -d il ith io p e n ta n e . Th is may be due to  the tendency 
o f  the su bstitu ted  mono l i th ia t e d  pentane to  c y c l is e .  The y ie ld  o f  
the 1 ,5 -d ilith io p en ta n e  reagen t a ls o  depended c r i t i c a l l y  on the 
rea ction  con d it ion s . Optimum y ie ld s  were obtained using lith ium  
with ca . 2% sodium con ten t.
The y ie ld s  o f  the d i l ith io a lk a n e  reagents were low er than 
the corresponding bis(bromomagnesium)alkane reagen ts. This may 
exp la in  the h igher y ie ld s  o f  the p latin acycloh exan es when the 
Grignard reagents were used. The a c t i v i t y  o f  the a lk y la t in g  agents 
appeared to  be a c r i t i c a l  fa c to r  in  determ ining the y ie ld s  o f  the 
resu lt in g  p la tin acycloh exan es.
The bis(bromomagnesium)alkane used in  the syn th es is  o f
(2 .19 ) (s ee  Section  2 .2 .2 )  was made from the corresponding
methods1267,268,269 and the moderate y ie ld s  obtained were not
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1 ,5-dibrom opentane-2,2,4,4-d4 which was synthesised in three
used as s ta r t in g  m a te ria l and was trea ted  f iv e  times su ccess ive ly  
w ith  methanol-d^. The deuterium incorporation  o f  the a protons was
Scheme 2 .2 . Synthesis o f  l,5 -dibrom opentane-2 ,2 ,4 ,4-d4.
The mass spectrum o f  1, S-dibromopentane-2,2,4 ,4-d4was 
analysed to  determine the ex ten t o f  deutera tion . The percentage 
deuterium content fo r  the 1 ,5-dibromopentane was ca lcu la ted  to  be 
S1-7* _d4 « 15-0%-dj, 2.0X-d2 and 0.6%-d1 (equ iva len t to  95%-d 
in corporation  per s i t e ) .  These values were s a t is fa c to ry  fo r  the 
sp ec tra l s im p lif ic a t io n  o f  the r es u lt in g  p latinacyclohexane ( 2 . 1 9 ) .







2 .2 .2  Synthesis o f  the P latinacyclohexanes
20W hitesides e t  al^. have repo rted  the syn thesis  o f  satu rated
p latinacyclohexanes by two gen era l rou tes (see  Scheme 2 .3, rou tes  A 
and B ). In our hands treatm ent o f  [ PtClgiPR^J^ ] w ith  1 ,5 - d i l i t h io -  
pentanes (Scheme 2 .3 , rou te  A) gave poor y ie ld s  and/or impure
p1a tin a cyc1ohexane [ ( PMe2Ph)2Pt(CH2>5 ] (2 .16b ) was prepared by th is  
rou te  and c ry s ta ls  s u ita b le  fo r  X ray crys ta llo grap h y  obta ined . 
Treatment o f  [ P tC lg i1 ,5-COD)] w ith l,5-bis(bromomagnesium)pentanes 
fo llo w ed  by ad d ition  o f  PR3 (Scheme 2 .3 , route B) gave s a t is fa c to r y  
y ie ld s  o f  pure product. The p latinacyclohexanes (2 .1 6 a ), (2 .1 7 ),  
(2 .1 8 a ),  (2 .18b ) and (2 .1 9 ) were syn thesised  using th is  rou te . A 
m od ifica tion  o f  W h ites ides ' method,20 using [ P tC l2(SMe2) 2] as 
s ta r t in g  m ateria l was a ls o  used in  the syn thesis  o f  the p la t in a ­
cyclohexanes (2 .1 6 a ), (2 .1 7 ) and (2 .18a ) (Scheme 2 .3 , route C ).
Li (C H ,)S Li
iK jP t C IJ (Pta,t1.S-C00)l
B
[PtCI,(S M s,||)
Scheme 2 .3. Synthesis o f  p latin acycloh exan es using d ilith io p en ta n e  
and bis(bromomagnesium)pentane reagents.
The p latin acycloh exan es (2 .1 6 a ), (2 .1 7 ),  (2 .18a ) and (2 .1 9 ) 
were a l l  is o la ted  as a i r  s ta b le ,  w h ite, c r y s ta l l in e  s o l id s  and were 
ch a rac te r ised  by 1H, 13C - (1H> and 195P t - ( 1H ) n .m .r.
spectroscopy and by elem ental a n a lys is . A ir  s ta b le  y e llo w  c ry s ta ls  
were obta ined  fo r  the more so lu b le  dimethylphenylphosphine 
p la tin acycloh exan es (2 .16b ) and (2 .1 8 b ). Chloroform  so lu t ion s  o f  
the p la tin acycloh exan es decomposed ove r  s eve ra l hours to  
[P tC l2(PR3) 2 ] .
2 .2 .3  Spectroscop ic  C h aracterisa tion  o f  P la tinacyclohexanes
The 1H n .m .r. spectrum o f  (2 .16a ) (F ig .  2 .7 ) (da ta  g iven  in  
Tab le 2 .2 ) i s  com plicated  by the presence o f  the sp in  a c t iv e  31P 
n u c le i ( I  «  J<, 100%) and 195P t ( I  »  33.4%). Two broad resonances
cen tred  a t  1.20 and 1.42 ppm are assigned to  the a  and B protons o f  
the pentamethylene r in g ,  r e s p e c t iv e ly .  A broad resonance is  
observed fo r  the y protons o f  the r in g .
The 1H n .m .r. sp ec tra  o f  (2 .17 ) and (2 .18a) (data  g iven  in  
Table 2 .2 ) are very  s im ila r  to  th at o f  (2 .16a ) showing two broad 
resonances fo r  the protons o f  the pentamethylene r in g .  However in  
the 1H n .m .r. spectrum o f  the 4-methyl d e r iv a t iv e  (2 .1 7 ) the methyl 
resonance can be c le a r ly  seen as a doublet (J  »  8 Hz) and in  the 
spectrum o f  (2 .1 8 a ), the 4 ,4-d im ethyl d e r iv a t iv e ,  the resonance fo r  
the two methyl groups is  a s in g le t .
The complex m u ltip le ts  fo r  the methylene protons in  
compounds (2 .1 6 a ), (2 .1 7 ) and (2 .18a ) were not s im p lif ie d  by 
s e le c t iv e  ir ra d ia t io n .
81.
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n * .  2 .7 . l H n.m .r. spectrum (CDC13> 270 MHz) o f  ( (P P h ^ P t B ^ )  J.
F i* .  2 .8 . l H n.m .r. spectrum (CDC13, 90 MHz)of
(PPh3)2Pt(¿H2CD2CH2CD2CH2).(X - Impurity).
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The 1H n.m .r. spectrum o f  the te tradeu tera ted  p la t in a -  
cyclohexane (2 .19 ) is  shown in  F ig .  2 .8  and the data g iven  in  Table 
2 .2 . The resonance fo r  the a protons o f  the r in g  is  a qu a rte t with 
platinum s a t e l l i t e s  due t o  coupling to  the two phosphorus nu cle i 
and th e spin a c tiv e  p latinum . Coupling to  the y  protons is  not 
reso lved . A broad s in g le t  i s  observed fo r  the y  proton resonance.
The 1H n.m .r. sp ec tra  o f  (2 .16b ) and (2 .18b) (da ta  g iven  in  
Table 2 .2 ) show two broad resonances fo r  the pentamethylene 
pro ton s, which are fu r th e r  com plicated  by the proton resonances o f  
the dimethylphenylphosphine ligan d s .
31P- ( 1H ) n .m .r. spectroscopy has proved an inva lu ab le  
method throughout th is  work fo r  the determ ination o f  p u r ity  and 
s tru c tu re  o f  spec ies  in  s o lu t io n . The s im p lic ity  o f  the 31P- ( 1H ) 
n .m .r. spectra  o f  the p latin acyc loh exan es  (2 .16a ) -  (2 .1 9 ) (data 
g iv en  in  Table 2 .3 ) is  a g re a t  advantage. For example, the 31P - {1H ) 
n .m .r. spectrum o f  (2 .16 a ) (see  F ig . 2 .9 ) is  a s in g le t  w ith  195Pt 
s a t e l l i t e s .  From th is  i t  can be deduced th a t the phosphorus nu cle i 
are equ iva len t and, s in ce  l J (P tP ) i s  sm all ( <2000 H z), trans to  
ligan ds  o f  high trans- in f lu e n c e . i . e .  the pentamethylene m oiety.
The 31P-{*H> n .m .r. spectra  o f  the p latinacyclohexanes
(2 .1 7 ),  (2 .18a ) and (2 .1 9 ) (data  g iven  in  Table 2 .3 ) a re  s im ila r  
to  th a t o f  (2 .16a ) showing on ly  one spec ies  present in  so lu t io n  in  
which the two phosphorus n u c le i are mutually c i s , and trans to  the 
pentamethylene moiety. The a lk y l substitu en t a t the 4 -p o s it io n  o f  
the p latinacyclohexane r in g  has l i t t l e  e f f e c t  on the 3 lp chemical 
s h i f t  and the 1J (P tP ) cou p lin g  con stan t. This may be expected 
con sid e r in g  the d istance from the substitu en ts  to the phosphorus



















































































58 0 28-2 CM)
6  PPM
F ig . 2 .9 . 31P- { XH }n .m .r . spectrum (CDC13, 36.4 MHz) o f  
[(PPh3) 2PtT^H2 ) 5 l.
The 13C - {1H J n .m .r. spectrum o f  (2 .16a ) is  shown in  F ig .
2.10 and the data g iven  in  Table 2 .4. The resonance fo r  the 
carbons shows coup lin g to  both the platinum and the two phosphorus 
nu cle i whereas the resonances fo r  the a and y carbons are s in g le ts  
195with P t s a t e l l i t e s .  The resonance fo r  the B carbons o f  the r in g  
were d e f in i t iv e ly  assigned by comparison w ith the 13C-^H)n.m.r. 
spectrum o f  the te tradeu tera ted  p latinacyclohexane (2 .1 9 ) (data 
g iven  in  Table 2 .4 ).  The r in g  carbons carry in g  the deuterium atoms
2
g ive  r is e  to  a low in ten s ity  m u ltip le t due to  coupling to  H ( ! ■ ! ) .
86.
Table 2 .3 . 31P -^ H  }  n.rn.r.® and 195P t - {1H> n .m .r.b data fo r  
p latin acycloh exan es (2 .16a ) -  (2 .1 9 ).
Compound « ( 31p ) • j ip tp ) « ( 195P t )
(2 .16a ) 28.3 1738 -222
(2 .16b ) -9 .7 1676 -
(2 .17 ) 28.3 1744 -243
(2 .18a) 28.6 1732 -225
(2 .18b ) -9 .4 1672 -
(2 .19 ) 28.2 1738 -
a Spectra (162 MHz) measured in CDClg a t  ambient tem perature.
Chemical s h if t s  (6 )  in  p.p.m. ( ± 0 . 1 )  to  high frequency o f
85% H^PO^. Coupling constant (J )  are in  Hz ( ± 3 ) .  

































Apart from th is  d if fe r e n c e  the spec tra  fo r  (2 .16a ) and (2 .19 ) were 
alm ost id e n t ic a l as would be expected.
The 13C- (*H ) n .m .r. sp ec tra  o f  the methyl substitu ted  
p latinacyclohexanes (2 .17 ) and (2 .18a ) (data g iven  in  Table 2 .4 ) 
a re  s im ila r  to  th a t o f  (2 .1 6 a ), w ith  the added presence o f  the 
resonance a r is in g  from the a lk y l substituents  on the r in g .
2 .3  CONFORMATIONAL STUDIES OF SATURATED PLATINACYCLOHEXANES
2 .3 .1  S o lu tion  N.M.R. S tud ies  o f  [(PPhgigS iCH gJg J, [<PPh3>2
Pt ( CH2CD2CH2CD2CH2 ) J and l ( PW»3 ) 2P t ( ( C« 3) 2^ 2<^2 ) J 
Variab le  low temperature 1H n.m .r. sp ec tra  were measured fo r  
(2 .16 a ) in  a m ixture o f  Freon-21 (CHClgF) and Freon-22 (CHC1F2 ).
The spectra  were obtained to  in v e s t ig a te  the p o s s ib i l i t y  o f  r in g  
rev e rsa l taking p lace  on the n .m .r. tim esca le . I t  was hoped th a t a 
change in  the spectrum would be observed as the a x ia l and
215equ a to r ia l protons o f  the r in g  became in equ iva len t on fre e z in g  
ou t the two ch a ir  conformers in  so lu t io n  (e q . 2 .6 ) .
90.
|t ì£ . 2 .11 . Low temperature *H n.m .r. sp ec tra  (CHCl^f ♦ CHCIF^. 
400 MHz) o f  [(PPh3) 2Pt(CH2CD2CH2CD2CH2) J.
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F t* .  2.12. Low temperature n .m .r. spectra  oftCHClgF
CHC1F2 , 400 l « z )  o f  l(Ph3P )2 Pt(CH2CD2CH2CD2CH2) i .
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However, the spectrum o f  (2 .16a ) a t  -160 *C and 400 MHz was 
very  complex and l i t t l e  could be concluded because o f  the 
overlapp in g s ign a ls  and complex ^H-^H, ^H—31P and ^H—133Pt 
coup lin gs. To avo id  th is  problem the te tradeu tera ted  
p latinacyclohexane (2 .1 9 ) was made and i t s  *H n .a . r .  and 1H -(31P ) 
n .m .r. sp ec tra  measured a t  low tem perature. On comparing F ig .  2.11 
and F ig . 2 .12 i t  can be seen th a t 31P decoupling d id  not r e s u lt  in 
s ig n if ic a n t  s im p lif ic a t io n  o f  the H n.m .r. spectra  o f  (2 .1 9 ).  I t  
i s  c le a r  th a t a t -150 *C and 400 MHz the s ign a ls  are broadened (see 
F ig . 2 .1 2 ). Un fortunately the s low  exchange l im it  was not achieved 
because o f  the lack  o f  s o lu b i l i t y  o f  the complex below -150 *C.
From previous stu d ies  the chemical s h i f t  d if fe ren ce
6(Ha x ia l ) "  ‘ ^ e q u a to r ia l*  would be exP*c ted  to  b«  ° - 4 P *P *"*  or 
160 Hz (a t  400 IH z ). Hence an upper l im it  f o r  AG4 fo r  r in g  
rev e rsa l o f  (2 .1 9 ) can be c a lcu la ted  to  be 20 kJ mol” 1. 272 Th is is  
a low er energy b a r r ie r  to  r in g  r ev e rsa l than any p rev iou sly  
reported  fo r  a s ix  membered r in g  and prompted the determ ination o f  
the c ry s ta l stru ctu re o f  a p la tin acycloh exan e. S u itab le  c ry s ta ls  o f  
(2 .16a ) were not obtained but the c lo s e ly  re la te d  complex 
[ ( PMe^Ph) 2^ t ( CH2 ) 5 ] (2 .16b ) r e a d i ly  c r y s ta l l iz e d  from 
dichloromethane/methanol (s ee  S ection  2 .2 .2 ) .
I t  i s  known th a t the replacem ent o f  hydrogens by more bulky 
substituen ts  on a s ix  membered r in g  slows down r in g  reve rsa l 
because the more severe  1,2 -d ia x ia l  in tera c tio n s  ra is e  the 
a c t iv a t io n  en ergy .213 Hence low temperature n .a .r .  s tud ies  o f  
4 ,4-dim ethyl p la tin acycloh exan e (2 .18a ) were attem pted. At the slow 
exchange l im it ,  two resonances should be observed fo r  the methyl
93.
protons due to  the presence o f  a x ia l  and eq u a to r ia l methyl groups. 
However, as w ith  the unsubstitu ted  p latin acycloh exan e (2 .1 6 a ), the 
s low  exchange l im it  was not a tta in ed  although broadening o f  the 
methyl resonance was observed .
From previous s tu d ies  the chem ical s h i f t  d i f fe r e n c e
) would be expected to  be g re a te r  than the 
chem ical s h i f t  d if fe r e n c e  « ( H ^ ^ )  -  s( Heq u a to r ia l ) • Hence the 
v a r ia b le  low temperature 13C- (*H> n .m .r. sp ec tra  were recorded o f  
(2 .1 8 a ). I t  was hoped th a t a t low  temperatures two methyl 
resonances would be apparent f o r  the social and eq u a to r ia l methyl 
groups. S ig n if ic a n t  broadening was observed a t  -130 *C and 100.6 
MHz but the slow  exchange l im it  was not reached.
The c ry s ta l  s tru ctu re  o f  [(PMe2Ph)2 Pt(CH^CH^C(CH^)^CH^CH2 ) ] 
(2 .18b ) was determined so  th a t d ir e c t  comparison w ith  (2 .16b ) could 
be made.
2 .3 .2  X-Ray C rys ta l S tructu re o f  [(PltegPhJgPtiCHgJg ] and
( ( « . 2Ph )JPt(CH2CM2C(CH3 ) JCHsCM2 ) ]
Se lec ted  bond lengths and an gles  w ith  numbering scheme 
based on (2 .16b ) are l i s t e d  in  Table 2 .5  and Table 2 .6 , and 
in fo rm ation  on d ev ia tion s  from p lanes in  Table 2 .7 . For 
p la tinacyclohexane (2 .1 8 b ), on ly  the major p o s it io n s  (see  
Experimental E .2 .2 ) o f  the r in g  carbons are con sidered .
In  the p latin acycloh exan e (2 .16b ) the square planar geometry 
around the platinum atom is  s l i g h t ly  d is to r te d  (s ee  F ig . 2 .14 ).
Th is is  seen in  the d isplacem ent o f  the r in g  carbon atoms from the 




numbering scheme (50% p ro b a b ility  e l l ip s o id s ) .
2.14. An end on view  o f  the p latinacyclohexane r in g  in 
l<PMe2Ph>2 l*tTCH2 ) 5 J.
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s id e  and C (5 ) 0.30 % t o  the other. However, C ( l ) ,  C (2 ) ,  C (4 )
and C (5) are themselves cop la n a r. The conformation o f  the r in g  is  a 
h a lf  ch a ir  (F ig . 2 .15) w ith  the platinum atom below th is  p lane
f la tte n in g  o f  the p la t in a c y c l ic  r ing  in (2 .16b ) may be expected  to  
lead to  a lower energy b a r r ie r  to  ring r e v e rsa l.  This i s  observed  
in  low temperature n .m .r. s tu d ie s  o f  (2 .16a ) which may in d ica te  
th at the structures o f  th e  two p la tin acyc les  (2.16a) and (2 .16b ) 
are s im ila r  in  the s o l id  s t a t e  and in so lu t ion .
In the 4 ,4 -d im ethylp latinacyclohexane (2 .18b ) the square 
planar geometry around the platinum  atom is  a ls o  s l ig h t ly  d is to r te d  
(F ig . 2 .17 ). This can aga in  be seen from the displacement o f  the
and C (3 ) s l i g h t l y  above i t  ( 0.15 A ) .  The
A B
F ig . 2.15. H a lf cha ir (A ) and skew (B) conformations o f
p latinacyclohexane r in g s -
r in g  carbons from the p lane d e fin ed  by P t, P ( l ) ,  P(2) where C ( l )  
is  0.17 A to one s id e  and C (5) is  0 .04 Â to the o th er.
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The conform ation o f  the p latinacyclohexane r in g  i s  skew (F ig .  
2 .17 ) where the r in g  i s  tw is te d  about C (2 ) and C (4 ). The tw is t in g  
i s  not symmetrical, C (4 ) i s  d isplaced  0.81 A above the plane 
d e fin ed  by [P t ,  C ( l ) ,  C (5 ) ]  and C (2) 0 .55  A below i t .
The e f f e c t  o f  tw is t in g  o f  the r in g  about C (2 ) and C (4 ) 
probably a l le v ia te s  the non bonded in te ra c tio n s  between the 
hydrogens on C (2 ) and C (4 )  and the methyl groups on C (3 ).
Unlike the p a r t ia l  d is o rd e r  found in  (2 .16 b ), the su b s titu ted  
platinacyclohexane (2 .1 8 b ) i s  ordered in  the c ry s ta l.  However, the 
methyl groups have la r g e  therm al parameters in  d ire c tio n s  
ta n gen tia l to  the r in g  (s e e  F ig . 2 .16 ). These are probably dynamic 
in  o r ig in ,  ra ther than a r is in g  from d is o rd e r , because the therm al 
parameters o f  the r in g  atoms show no unusual fea tu res.
Unfortunately, low  temperature n .m .r. studies d id  not f r e e z e  
ou t the two conformers o f  e i th e r  o f  the two p la t in a c y c lic  r in g s  in  
(2 .16a ) o r  (2 .18a ) and s o  i t  cannot be determined whether the 
g rea te r  r ig id i t y  o f  (2 .1 8 b ) in  the c ry s ta l  is  r e f le c te d  in 
s o lu t io n .
The presence o f  th e  methyl groups causes a change in  the 
conform ation o f  the p la tin acyc loh exan e  r in g  from a h a l f  ch a ir  in  
(2 .16b ) to  skew in  (2 .1 8 b ) (F ig .  2 .15 ). A s ig n if ic a n t  fea tu re  is  
the h igher degree o f  pu ckerin g  in  the p latinacyclohexane r in g  in  
(2 .18b ) in  comparison t o  (2 .1 6 b ).  This puckering i s  d etected  in  th e 
to rs io n  angles P t-C ( 1 )-C ( 2 ) - C (3 ) , C (2 )-C ( 3 )-C (4 )-C ( 5 ) and 
C (3 )-C (4 )-C (5 )-P t  o f  (2 .1 8 b ) compared to  those in (2 .16b ) (data  
g iven  in  Table 2 .8 ). However, both are f la t te n ed  in  comparison to  
cyclohexane i t s e l f  where th e  to rs ion a l an gles  in the r in g  are
56° 199
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F ig .  2.16. The m olecu le  o f  [ (PMe2Ph)2f#iTCH^CR^CTCRjr^ClTpH2 )] 
showing the atomic numbering scheme (50% p ro b a b ility  
e l l ip s o id s .
F ig . 2.17. An end on view  o f  the p latinacyelohexane r in g  in 
[(PMe2P h )2 PtL'H2CH2C( CH3) 2CH2<1h2) ) .
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Table 2 .7 . D eviations (A ) from mean planes (d e fin ed  by sta rred  
atoms; e . s . d . 's  * / -  0 .05 A ).
Compound (2 .16 b )
• Pt 0 .00 *P (1 ) 0.00 * P( 2) 0.00 C ( l ) -0 .34
C (2) 0 .26 C (3) 0.71 C (4) 0.87 C (5 ) 0.30
Pt 0 .75 *C (1 ) 0.00 *C (2 ) 0.00 C( 3) 0.15
*C (4 ) 0 .00 *C (5 ) 0.00
Compound (2 .18b )
• Pt 0 .00 * P (1 ) 0.00 • P (2 ) 0.00 C ( l ) 0 .17
C (2 ) -0 .76 C( 3) -0 .20 C (4 ) 0.76 C (5 ) 0.04
* Pt 0 .0 0 • C ( l ) 0 .00 C (2 ) -0 .55 C( 3) 0.37
C (4 ) -0.81 *  C( 5) 0.00
Table 2 .8 .  Comparison o f  d ih ed ra l angles ( • )  o f  Type 1 fo r  
p la tin acycloh exan e r in g .
Compound (2 .16b ) (2 .18b )
Pt C ( l ) C (2 ) C( 3) 29.3 69.1
C ( l ) C (2 ) C( 3) C (4 ) -15 .6 -47 .3
C (2 ) C( 3) C (4) C( 5) 16.5 -20 .5
C (3) C (4 ) C( 5) Pt -35.6 66.8
C (4) C( 5) Pt C ( l ) 38.7 -36 .4
C( 5) Pt C ( l ) C (2 ) -32 .8 -24.1
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2 .4  DISCUSSION
The conform ational stu d ies  o f  the p latinacyclohexanes show 
th at replacem ent o f  a s in g le  methylene u n it (r eq u ir in g  a bond an gle  
o f  ca 109° in  i t s  te trah ed ra l geometry) in  cyclohexane, by the 
la r g e r  p latinum  atom (r eq u ir in g  a g r e a t ly  reduced angle o f  90° in  
i t s  square planar geometry) and i t s  l ig a te d  atoms, resu lts  in  
f la t t e n in g  o f  the s ix  membered r in g  w ith  resp ec t to  cyclohexane.
The c ry s ta l stru ctu res o f  some satu rated  p latinacyclopentanea 
and p la tin acyclobu tanes have shown th at the presence and number o f  
su b s titu en ts  and the bu lkiness and crowding o f  the oth er ligands do 
in flu en ce  the conformation o f  the r in g .93 Puckering o f  the r in g  i s  
e f f e c t i v e  in  reducing the in tra r in g  s tra in .  Thus the replacement o f  
two hydrogens in  p latinacyclohexane (2 .16b ) by two methyl groups a t  
the 4 -p o s it io n  on the p latinacyclohexane r in g  in  (2 .18b ) changes 
the con form ation  o f  the r in g  from a h a lf  ch a ir  in  (2 .16b ) to  the 
more puckered skew in  (2 .1 8 b ). However the conform ation o f  (2 .18b ) 
is  s t i l l  f la t te n e d  in  comparison to  cyclohexane.
The c ry s ta l  s tru ctu res o f  the two platinacyclohexanes (2 .16b ) 
and (2 .1 8 b ) and the resu lts  obtained in  the va r ia b le  temperature 
n .m .r. s tu d ie s  are con sis ten t w ith a low ering  o f  the energy b a r r ie r  
to  r in g  r e v e r s a l .  From the re s u lts  o f  the n .m .r. s tu d ies , an upper 
l im it  f o r  AG ^ fo r  r in g  r e v e rsa l o f  the unsubstituted p la tin a ­
cyclohexane was ca lcu la ted  to  be <20 kJ mol- 1 . 272 This is  a lower 
energy b a r r ie r  to  r in g  rev e rsa l than any p rev iou s ly  reported  fo r  a 
s ix  membered h e te rocy c lic  r in g .
The to rs io n a l arrangements o f  the r in g  atoms in  cyclohexane 
are a lt e r e d  by replacement o f  a methylene u n it by a platinum atom.
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The low energy b a rr ie r  may be due to  a low er b a rr ie r  to  to rs ion  o f  
the C -P t bond as compared to  the C-C bond. However no values are 
known f o r  the former and th ere fo re  such a c o r re la t io n  can on ly  be 
t e n t a t iv e .
2 .5  SYNTHESIS AM) CHARACTERISATION OF UNSATURATED 9, lO-DIHYDRO-
9-PLATINAANTHRACENES
The p la tin u m (II ) complexes (2 .20a -  h ) and the re la ted  
platinum  ( IV )  complexes (2 .2 1 ) and (2 .2 2 ) are o f  in te r e s t  fo r  two 
reasons: ( i )  to  determ ine the e f f e c t  th e square planar 
p la t in u m (I I )  atom and the octahedral p la tin u m (IV ) atom, and th e ir  
ligan d s  have on the conform ation o f  the cen tra l r in g ; ( i i )  to  
in v e s t ig a te  the p o s s ib i l i t y  o f  a rom atisation  o f  the p la t in a c y c lic  
r in g .
l  Y
( 2 . 2 0 a ) L -pE t3 ( 2 . 2 0 e ) L*PPh3
(2 .2 0 b ) L-PMe3 ( 2 . 2 0 f ) L2«1 ,5-CO D
(2 .2 0 c ) L-PMe2Ph ( 2 . 2 0 g ) L2«dppm
( 2 . 2 0 d ) L-PMePh2 ( 2 . 2 0h ) L2-dppe
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(PEt 3 )2 I 2 P (d p p m )12 p
( 2 . 21 ) ( 2 . 22 )
2 .5 .1  Synthesis o f  2 , 2 ' - D ichlorodiphenylmethane
In seve ra l o f  the methods239 used to  syn thesise 9,10-
dihydroheteroanthracenes the d iG rigna rd  reagent o f  2 ,2 * -d ic h lo ro d i-  
phenylmethane i s  used. However the p repara tion  o f  th is  d iGrignard 
i s  d i f f i c u l t  t o  in i t i a t e  and in v o lve s  re flu x in g  the m ixture fo r  
s e v e r a l  days. In the present work 2 ,2 '-d ilith iod iph en ylm ethane
(2 .2 4 ) i s  used in  the syn thesis  o f  th e 9 , lO -dihydro-9—p la t in a -  
anthracenes. The syn th etic  rou te  to  2,2'-dibromodiphenylmethane i s  
r e la t i v e l y  long and low y ie ld in g 23®’ 273 and so 2 ,2 '-d ic h lo ro d i-  
phenylmethane (2 .2 3 ) was syn thesised  and used in the preparation  o f  
2 ,2 '-d ilith iod ip h en y lm eth a n e  as shown in  Scheme 2 .4 .273,27*
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0
(2 .24 ) (2 .23 )
S c h «M  2.4. Synthesis o f  2 ,2 ,-d ilith iod iph eny lm eth ane.
2 .5 .2  Synthesis o f  the 9 ,10-D ihydro-9-platinaanthracenes
The 9,10-d ihydro-9-platinaanthracenes (2 .2 0 a - f ) were 
syn th es ised  by treatm ent o f  the appropria te  [P tC l^L^ ] complex with 
2 ,2 '-d ilith iod ip h en y lm eth an e  (2 .24 ) (e q . 2 .7 ).
eq. 2.7
L \
(2 .24 ) (2 .20 )
L -  PEt , PMe , PMe Ph, PMePh , PPh , 1,5-COD
107.
The a c t iv i t y  o f  2 ,2 '-d ilith iod ip h en y lm eth an e  was determined
275
by a m od ifica tion  o f  G ilman's double t i t r a t io n  method and 
appeared to  a f f e c t  the y ie ld  o f  the p la t in a c y c le .  The su rfa ce area, 
sodium content o f  the lith iu m , temperature o f  the mixture and 
r e a c t io n  time were a l l  c r i t i c a l  in  determ ining the a c t iv i t y .  The 
p rep a ra tio n  o f  the 2 ,2 '-d ilith iod ip h en y lm eth an e  was repeated 
s e v e r a l times to  optim ise the con d it ion s  and a c t iv i t y .
The 9 ,10-dihydro-9-p latinaanthracenes were is o la ted  as a ir  
s ta b le  s o lid s  which were ch a rac te r ised  by 1H, 31P - {1H ), 13C - {1H> 
and 195P t - (1H> n .m .r. spectroscopy and e lem ental an a lys is . The 
p la t in a c y c le  [(1 ,5-COD)A: ] (2 .2 0 f )  was is o la ted  at
-7 8  °C as a b r ig h t  yellow  s o l id  which was s ta b le  a t room 
tem perature and was ch aracter ised  by *H and 13C - {*H ) n.m .r. 
sp ec troscopy . Both p la tin a cy c le s  [ ( dppm) P t ( CgH^CH^gH^) ] (2 .20g ) 
and [ ( dppe) P t ( ¿•gH4CH2(' 6H4 ) ) (2 .20h ) were syn thesised  from compound 
(2 .2 0 f )  by su b s titu tio n  o f  1,5—cye lo oc tad ien e  w ith the requ ired  
phosphine (eq . 2 .8 ) .  This method was used to  make the 9,10-d ihydro- 
9—platinaanthracenes with a range o f  phosphine ligands.
(2 .2 0 f) (2 .20g) LL -  dppm
(2 .20h) LL -  dppe
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2 .5 .3  Spectroscopic C haracterisa tion  o f  9 , lO-D ihydro-9-
P1 a t  i  naan th rac enes
The *H n.m .r. data fo r  the 9 ,lO -dihydro-9-p latinaanthracenes 
(2 .20 a -h ) are g iv en  in  Table 2 .9 . Two fea tu res  o f  the *H n .a .r .  
spectrum o f  p la t in a c y c le  (2 .20a ) (F ig .  2 .18 ) are in te re s tin g . 
F i r s t l y  i t  was su rpr is in g  to  see two resonances fo r  the methylene 
p ro ton s  o f  the p la t in a c y lic  r in g  cen tred  a t  <3.34 and 64.25 ppm. 
Assuming the r in g  adopted a boat con form ation, the observation  that 
th es e  two methylene protons were chem ica lly  in equ iva len t ind icated  
th a t  conformers o f  the r ing  were not in tercon ve rtin g  ra p id ly  in 
s o lu t io n  (eq. 2 .9 ) on the n.m .r. tim esca le  a t ambient temperature.
This would suggest that su b s titu tio n  o f  a platinum atom in  
the r in g  has s ig n i f ic a n t ly  increased  the energy b a r r ie r  to  r in g  
r e v e r s a l .
The resonances a ttrib u ted  to  the methylene protons o f  the 
r in g  were com plicated by the presence o f  195Pt s a t e l l i t e s .  The two 
p ro ton  resonances e x h ib it  d i f fe r e n t  long range fou r bond J (P t-H ) 
c ou p lin g  constants as a resu lt o f  a g eom etr ica l type d ihedral angle 





4J ( PtH^) -  16.4 Hz 
4J(PtH2) «  5 .5  Hz
-  12.4 Hz
F ig . 2 .19 . The r ig id  boat conform ation renders the two methylene
(2.20a) was the presence o f  two resonances fo r  the methylene 
protons o f  the trie th y lph osph in e  ligan d s . Two exp lanations were 
considered which could account fo r  th is .  The f i r s t  was th at the 
methylene groups on each phosphine ligand  were chem ica lly  
in equ iva len t. This could on ly  a r is e  i f  the two phosphorus nuclei 
were chem ica lly  in eq u iva len t, but the 31P - (1H ) n .m .r. spectrum o f  
(2 .20a) (da ta  g iven  in  Table 2 .10) showed on ly a s in g le  resonance.
A second exp lanation  was that the two protons o f  the PCHg 
group were chem ica lly  in equ iva len t. A two-dimensional c o r re la t io n  
spectrum (COSY) was recorded to  determine i f  th is  was indeed the 
case. The presence o f  o f f  d iagonal cross peaks (F ig .  2 .20 ) showed 
that the two protons were chem ica lly  in equ iva len t and were coupled 
to each o th e r. The two methylene protons are in fa c t  
d ia s te re o top ic277 because the boat conform ation is  r ig id  in  
solu tion  on the n.m .r. t im esca le .
protons H^  and H2 chem ica lly  in equ iva len t.
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Fig. 2 . 2 O. Two Dimensional C o rre la tio n  Spectrum (CDCl^, 400 MHz)
O f [< r e t3 ) 2Pt<c6H4cH?e #H4 )| .
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The l H n .m .r. spectra  o f  the 9 ,10-dihydro-9-p latinaanthracene 
coinpounda (2 .2 Ob-e) are s im ila r  t o  th a t o f  (2 .20a ) in  th a t they 
show the p la t in a c y c l ic  r in g  i s  r ig id  and the conformers a re  not 
in te rc o n ve r tin g  in  s o lu t io n  on the n.m .r. tim esca le . Two resonances 
were observed f o r  the d ia s te re o to p ic  methyl groups in  the 
dimethylphenylphosphine complex (2 .2 0 c ).
The l H n.m .r. spectrum o f  (2 .20 b ) (F ig .  2 .21 ) shows separate 
resonances fo r  each o f  the arom atic r in g  protons o f  the 
9 ,10 -d ih yd ro - 9 -p latinaanthracene and the triphenylphosphine 
ligan d s . S e le c t iv e  decoupling experim ents enabled assignment o f  the 
in d iv id u a l protons and in form ation  on a l l  the couplings to  be 
obta ined  (da ta  g iven  in  Table 2 .9 ) .
The high energy b a r r ie r  to  r in g  rev e rsa l in  compounds 
(2 .2 0 a -e ) must be due to  the presence o f  the platinum atom. The 
square p lanar geometry o f  the platinum cen tre  con stra in s the 
l ig a te d  phosphorus and carbon atoms to  the same plane and i t  is  
thus in e v ita b le  th a t the su bstitu en ts  on the phosphine w i l l  be 
su b ject t o  non bonded in te ra c tio n s  w ith  the p e ri protons on the 
arom atic r in gs  o f  the 9 ,10-dihydroanthracene m oiety. I t  is  th is  
in te ra c t io n  (F ig .  2 .22 ) which is  most l ik e ly  the reason fo r  the 
high a c t iv a t io n  energy o f  r in g  r e v e r s a l.  Less bulky ligands would 
be expected to  lead  to  a lower energy b a r r ie r .  In compounds (2 .2 0 f ) 
and (2 . 20g) the 1 ,5 -cyc looctad iene ligand  and the b is (d ip h en y l-  
phosphino(methane (dppm) are ch e la tin g  and are le ss  s t e r ic a l ly  
demanding than the unidentate phosphines.
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F ig .  2 .22. Proposed planar tra n s it io n  s ta te  o f  r in g  rev e rsa l o f  
compounds (2 .2 0 a -e ) in  which ligands L w i l l  be 
su b jected  to  non bonded in te ra c tio n s  w ith the peri 
pro ton s on C ( l )  and C (8 ).
The l H n .m .r. spectrum o f  [ ( 1 , 5-COD) P t ( ¿6H4CH2C6H4 ^  <2-2 0 f) 
and [(dppm )Pt(C6H4CH2CgH4 ) ] (2 .20 g ) showed on ly  one resonance fo r  
the methylene protons o f  the p la t in a c y c l ic  r in g . This ind icated  
that the r in g  was e ith e r  undergoing rap id  r in g  rev e rsa l on the 
n.m .r. tim esca le  o r  the compound was a s ta t ic  planar one. In view 
o f  the number o f  con form ational stu d ies  o f  9 ,10-dihydro-9-hetero- 
anthracenes th a t show rap id  r in g  rev e rsa l o f  the boat 
con form ation ,2®®»2®3 the la t t e r  case was considered u n lik e ly . The 
l H n.m .r. o f  [ ( dppe ) ¿ t ( )  J (2 .20h ) shows two resonances 
fo r  the methylene protons, in d ica tin g  that the boat conformations 
are r ig id  in  s o lu t io n . Thus increas in g  the carbon backbone o f  the 
b ls(diphenylphosphino)methane ligand  in  (2 .2 0 f )  by one carbon to 
the more s t e r i c a l l y  demanding 1 , 2 -b is ( diphenylphosphino)ethane
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Tab le 2.10. 3 lP - {1H) a and 195P t - {1H> b n .a .r .  data fo r  the 
compounds (2 .20 a -h ), (2 .2 1 ) and (2 .2 2 ).
Compound .  <31p ) «  i 195p t )
(2 .20a ) 4.3 1833 -52.2
(2 .20b ) -26.1 1779 6.6
( 2 . 20c ) -13.1 1845 -30 .0
(2 .20d ) 3.8 1856 -28.9
(2 . 20e) 22.9 1890 -29.7
(2 . 20g) -33.1 1466 -
(2 . 20h) 44.6 1818 -
(2 .2 1 ) -20.0 1782 847.2
(2 .22 ) -31.0 954 -
a Spectra (162 t t fz ) measured in CDC13 at ambient temperature.
Chemical s h i f t s  (< ) in  p.p.m. ( ± 0 .1 ) to  high frequency o f
85% H^PO^. Coupling con stan ts (J ) in  Hz (±  3 ).  
b Spectra (8 5 .6  MHz) measured in  CDC13 a t ambient temperature. 
Chemical s h i f t  (6 ) in  p.p.m.
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(dppe) has increased  the energy b a r r ie r  to  r in g  re v e rsa l. This is  a 
r esu lt o f  the unfavourable s t e r ic  in terac tio n s  between the peri 
protons and the ligand  which are  encountered in  the tra n s it io n  
s ta te .
The 3*P - (*H  } n.m .r. and 195P t-  (*H > n .m .r. data fo r  compounds 
(2 .20a-h ) are l i s t e d  in  Table 2.10. The 3 lP- { l H > n.m .r. spectra  o f  
the 9 ,lO -dihydro-9 -p latinaanthracene compounds are a l l  s im ila r  in
195that they show a s in g le t  resonance w ith P t s a t e l l i t e s .  The 
l J (P tP ) va lues in d ica te  that the two phosphines are mutually e l s , 
and trans to  a ligan d  which e x e rts  a high trans- in f lu e n c e . The 31P 
and 195Pt chem ical s h if ts  and l J (P tP ) values are a l l  a f fe c ted  by 
the nature o f  th e phosphine ligands present.
The 13C- (*H > n.m .r. spectra  fo r  compounds (2 .2 0 ) (data g iven  
in  Table 2 .11 ) a re  a l l  s im ila r ; the spectrum o f  the t r i e t h y l -  
phosphine p la t in u m (II )  complex (2 .20 ) shows th at the two l ig a t in g  
carbon atoms o f  the 9 ,10-dihydroanthracene moiety C (12) and C(13) 
are coupled to  both the spin a c t iv e  platinum atom and the two 
phosphorus n u c le i .  Coupling to  the platinum atom is  observed in  the 
resonances a tt r ib u ted  to  s ix  o f  the carbon atoms o f  the aromatic 
r ings o f  the 9 , lO-dihydroanthracene m oiety. The oth er fou r carbon 
resonances a re  s in g le ts .  The methylene carbon atom C (10) is  a lso  
























































2.6 CONFORMATIONAL STUDIES OF [ ( PEt_) _P t ( Ó H CH C H_ ) 1
3 2 6 4 2 6 4
2 .6 .1  So lu tion  N.M.R. S tud ies  o f  [ ( P E t ) P t (Ò  H CH C H ) ]
3 2 O 4 2 6 4
V ariab le  high temperature 1H n.m .r. spectra  were measured 
fo r  (2 .20a ) in  DMSO-dg. The spectra  were recorded to  in v e s t ig a te  
the p o s s ib i l i t y  o f  the boat conform ation o f  the p la t in a c y c l ic  r in g  
undergoing r in g  rev e rsa l on the n.m .r. tim esca le  (e q . 2 .1 0 ). 
Coalescence o f  the two resonances a tt r ib u ted  to  the methylene 
protons o f  the p la t in a c y c l ic  r in g  would be observed i f  r in g  
reve rsa l was occu rrin g.
eq . 2.10
However, even up to  100 #C a t  90 MHz two separate  resonances 
were observed in  the spectrum showing th a t the boat conform ation 
was r ig id  in  s o lu tion  and in d ica tin g  a high energy b a r r ie r  to  r ing  
rev e rsa l. This is  in co n tra s t to  9 ,10-dihydroanthracene i t s e l f ,  
where n .m .r. s tud ies  show that r in g  reve rsa l is  rap id  even a t 
-100 °C at 100 MHz.260 From the above observations a minimum value 
o f  the fre e  energy o f  r in g  reversa l AG ^ can be ca lcu la ted  to  be 
-1 27270 kJ mol'
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2 .6 .2  X-Ray C ry s ta l S tru ctu re o f  [(P E t3 >2 P t ( CgH^CH^CgH^) ]
S e lec ted  bond lengths and angles are l i s t e d  in  Table 2.12 
and in form ation  on an gles  and d ev ia tion s  from p lanes in  Table 2.13. 
The numbering scheme f o r  the m olecule i s  shown in  F ig .  2.24.
In compound (2 .2 0 a ) the square p lanar geometry around the 
platinum atom i s  s l i g h t l y  d is to r te d .
The s ix  membered r in g  con ta in in g  the platinum atom adopts a 
boat conform ation as shown in  F ig . 2.24. The atoms C ( l l ) ,  C (12 ), 
C (13) and C (14) are cop lan ar (p lane 1) w ith  both the platinum atom
1.16 A and C (10 ) 0 .67  A above th is  p lane. Assuming 
th is  boat con form ation i s  maintained in  s o lu t io n  th e n.m .r. studies 
show th at the r in g  i s  r i g id  a t ambient temperature.
The p la t in a c y c l ic  r in g  adopts a boat conform ation because 
the m olecule cannot be p lanar unless a l l  the in te rn a l an gles  o f  the 
r in g  are 120°. This would introduce a h igh degree o f  angle s tra in  
and so the m olecule fo ld s  about the P t-C (10 ) a x is .
The arom atic r in g s  d e fin ed  by [ C ( l ) ,  C (2 ),  C (3 ) ,  C (4 ) ,  C (5 ), 
C U D l (p lane 2 ) mid [C (5 > . C<6>, C<7), C<8>, C (1 4 ), C (13>) (p irn .  
3) are in c lin ed  a t  an an gle  o f  74 .7 °. The plane [P t ,  C (10 ), C ( l l ) ,  
C (12 )] (p lane 4 ) is  a t  an angle o f  69.5° to  the p lane [P t ,  C (10 ), 
C (1 4 ), C (13) ] (p lane 5 ) .  The m olecule thus con s is ts  o f  two separate 
ha lves hinged about the ax is  P t-C (10 ) (d ih ed ra l an gle  11 0 .5 °). 
However n e ith e r  p lanes 1 and 3 nor p lanes 2 and 4 are cop lanar. The 
tr ig o n a l geom etries around C(12) and C (13) a re  d is to r te d . The 
angles P t-C (12 )-C (8 ) and P t-C (13 )-C (1 ) are 127.4 (8 ) °  and 127.5 
(8 )•  r e s p e c t iv e ly .
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F ig . 2.24. An end on view  o f  the p la t in a c y c lic  r in g  in molecule 










Table 2.15. D eviations (A ) f r o «  mean planes (d e fin ed  by starred  
atoms; e .s .d .s .  ♦/— 0.005 A) in  
I (P E t3) 2I 2P t(C6H4CH2t 6H4 ) l  .
Plane 1
P t 1.164 *C (13) 0.007 •C (14) 0.008
C (10) 0.678 *C(11) 0.008 •C (12) 0.007
Plane 2
*C (1 ) 0.011 • C (2 ) 0.009 *C( 3) 0.007
*C (4 ) 0.165 •C (14) 0.036 •€ (13 ) 0.033
Plane 3
•C (5 ) 0.008 •C (6 ) 0.027 •C (7 ) 0.019
*C (8 ) 0.007 *C (12) 0.025 *C(11) 0.017
Plane 4
•P t 0.021 *C(10) 0.029 • C ( l l ) 0.058
•C (12) 0.058
Plane 5
*P t  0.018 *C (10) 0.024 *C (14) 0.048
0.042C( 13)
128.
The d ihedra l angle o f  110.5° s ig n i f i e s  a la rg e  degree o f  
r in g  fo ld in g  and in d ica tes  th at the boat conform ation is  h igh ly  
puckered. I t  is  the sm a lles t d ih ed ra l an gle  reported  fo r  a 9,10- 
dihydroanthracene compound.
2 .7  ATTEMPTED AROMATIS ATI ON OF [ ( P E t g J ^ i d ^ C H g C ^ )  ]
The compound [ (P E t , )_  P't(C_H.CH_C_H ] (2 .20a ) was trea ted  3 2 6 4 2 6 4
w ith  a s e r ie s  o f  reagents in  an attem pt to  remove e i th e r  H* o r  H~ 
from the sp4 hyb rid ised  carbon w ith  subsequent form ation  o f  a fu l ly  
d e lo ca lis ed  heteroanthracene compound (2 .2 5 ) o r  (2 .2 6 ) (Scheme 
2 .5 ) .
(2 .26 )
Scheme 2 .5. Attempted arom atisation  o f  (2 .20 a ) by removal o f
e ith e r  H o r  H~.
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Compound (2 .20a ) was tr e a te d  w ith  the bases m ethyllith ium , 
b u ty llith iu m , te r t -b u ty ll ith iu m  and lith iu m  b i s ( t r im e t h y ls i l y l ) 
amide in  an attem pt to  remove H+ , and w ith the reagen t t r i t y l t e t r a -  
f lu o rob o ra te  in  an attempt to  remove H~. A l l  the rea c t io n s  were 
fo llo w ed  by *H n.m .r. and 31P - { 1H > n.m .r. spectroscopy. However, 
even add ition s  o f  up to  10 mole eq u iva len ts  o f  each o f  the above 
reagen ts  and le a v in g  the s o lu t io n s  fo r  s eve ra l hours o r  days did 
n o t r e s u lt  in  the des ired  p roduct be ing formed. In a l l  cases only 
decomposition to  oth er platinum con ta in in g  spec ies  was observed to  
occur.
In  the n.m .r. spectrum, one o f  the resonances due to  the 
two methylene protons would be expected  to  d isappear as lo s s  o f  
e i th e r  H* o r  H occurred . The 31P - { 1H )  n .m .r. spectrum would be 
expected  to  change s ig n i f ic a n t ly  s in ce  removal o f  e ith e r  H* o r  H~ 
would cause a change in  the bonding in vo lved  between the platinum 
and the 9 ,10-dihydroanthracene m oiety . This would in d ir e c t ly  a f f e c t  
th e 31P chem ical s h i f t  and *J (P tP )  va lues which are  very  s e n s it iv e  
t o  the nature o f  the bonding o f  the ligan d  trans to  the phosphorus 
n u c le i .271
Since a b s trac tion  o f  e i th e r  H* o r  H-  from the p la t in u m (II )  
complex (2 .20a ) was not su cc es s fu l, i t  was reasoned th a t lo s s  o f  HX 
from  a p latin um (IV ) complex such as [ ( PEt3) j X j f i ( c 6H4CH2C6H4^







2.8 SYNTHESIS AND CHARACTERISATION OF [ (PE t_ ) I  P t(Ö  H CH C H )1
3 2 2  64 2 6 4
and i(d p p « ) I2R t (^ H j0 i^ 5 6H4 ) ]
Severa l attempts a t  o x id a t iv e  add ition  to  the p la tin u m (II ) 
complex (2 .20a ) with substances such as m ethyliod ide. a c e ty l-  
ch lo rid e  and a l ly lc h lo r id e  were unsuccessfu l. No rea ction  was 
observed w ith a ce ty l c h lo r id e  and a l l y l  ch lo r id e  w h ils t reaction  
with m ethyliodide gave [ P t I2 (PEt3 ) 2 ] as evidenced by 3 lP - ( l H) 
n .m .r. spectroscopy. However a d d ition  o f  one equ iva len t o f  iod ine 
to  compound (2 .20a) produced the des ired  p latinum (IV ) complex
(2 .21 ) (eq . 2 .12 ).
eq . 2.12
(2 .20a) (2 .2 1 )
The add ition  requ ired  severa l hours since a b u ild  up in  the 
lo ca l concentration o f  the iod ine resu lted  in the formation o f  
[ P t I2 (PEt3 )2 ] r e su lt in g  from redu ctive  e lim in a tio n . A s l ig h t  excess 
o f  iod ine a lso  resu lted  in  contam ination o f  the product with th is  
complex. The p latlnum (IV ) compound (2 .2 1 ) was is o la ted  as a b righ t 
y e llo w , a ir -s ta b le ,  c r y s ta l l in e  s o lid  which was ch aracter ised  by 
*H, 3*P -{*H ), l3C- (*H ) and 19^P t-(*H ) n.m .r. spectroscopy and
elemental an a lys is .
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The elem ental an a lys is  o f  compound (2 .21 ) d id  in d ica te  th a t 
o x id a t iv e  ad d ition  o f  iod in e to  the compound (2 .20a) had occurred . 
The 31P - l V n . . . r .  spectrum o f  compound (2 .21 ) (da ta  g iven  in  
T a b le  2.10) showed th at the tr ie th y lp h osp h in e  ligands were in  a 
tra n s  arrangement w ith  the two incoming iod id e  ligan ds  m utually 
c i s . I f  the phosphine ligands had remained mutually c i s , and trans 
to  th e 9,10-dihydroanthracene m oiety  on o x id a t iv e  a d d ition  o f  
io d in e ,  the 1(P tP ) value in  th e  r es u lt in g  p latin u m (IV ) complex 
would be expected to  be ca two th ird s  the magnitude o f  the va lue o f  
th e  coupling constant in  the p la t in u m (II )  complex278 ( i . e .  ca 1200 
H z ).  The observed 'J (P tP ) va lu e  o f  1782 Hz in d ica tes  th a t the 
phosphine ligands have rearranged  so they a re  trans to  each o th e r. 
Phosphines have a low er trans in flu en ce  than the
9,10-dihydroanthracene ligan d  and so th is  r es u lts  in  the h igh er 
co u p lin g  constant.
The 1H n .m .r. spectrum o f  (2 .21 ) (F ig .  2.25, data g iven  in  
T ab le  2 .9 ) showed a s in g le  resonance fo r  the two methylene protons 
o f  th e 9,10-dihydroanthracene lig a n d  s ig n ify in g  th a t the s ix  
membered p la tin a cyc le  was undergoing rap id  r in g  r ev e rsa l on the 
n .m .r . tim escale a t  ambient tem perature. Therefo re  o x id a t iv e  
a d d it io n  o f  iod in e to  compound (2 .20a ) has decreased the a c t iv a t io n  
en ergy  requ ired  fo r  r in g  r e v e r s a l .
Since the conform ation o f  the p la t in a c y c lic  r in g  was no 
lo n g e r  r ig id  in  s o lu t io n  on ly  one resonance was observed fo r  the 
m ethylene protons o f  the tr ie th y lph osph in e  ligands.
An in te re s tin g  fea tu re  in  the *H n .m .r. spectrum o f  (2 .2 1 ) 
was the presence o f  a resonance a t  lower f i e l d  than the other
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F i * .  2 .25 . *H n .m .r. sp ec tra  (CDClg, 100 M lz) o f
[(P E t3) 2I 2P t(C gHdCH2C6H4 ) ] showing s e le c t iv e  proton
decoupling.
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arom atic  proton resonances (s ee  F ig . 2 .25 ). The resonance showed 
c ou p lin g  to  one oth er proton and had platinum s a t e l l i t e s  ( 3J (P tH ) • 
52 H z ) ] .  Proton decoupling s tu d ies  (F ig .  2 .25 ) enabled assignment 
o f  th is  resonance to  the protons on C ( l )  and C (8) o f  the aromatic 
groups in  the 9 ,10-dihydroanthracene m oiety. I t  is  thought that 
th ese  two protons are desh ie lded  by e ith e r  the platinum atom o r  the 
two iod in e ligands by a through space e f f e c t .  Such an e f f e c t  is  
seen in  compound (2 .2 8 ) where the aromatic protons ortho to  the 
r i g i d l y  held P«0 group are  desh ie lded  and w e ll separated from the 
o th e r  aromatic protons. The c lo s e  p roxim ity  o f  these protons to  the 
e q u a to r ia l phosphinoyl oxygen atom g iv e s  r is e  to  th is  e f f e c t . 279
(2 .28 )
Oxidative add ition  o f  iod in e  to  the dppm complex (2 .20g ) was 
fo llo w ed  by 31P - (1H) n .a .r .  spectroscopy. The 31P - ( l H) n .m .r. 
spectrum o f  the product in  so lu t ion  was con sisten t w ith the 
form ation  o f  the p latin um (IV ) complex (2 .2 2 ) [a 31P -  31.0 ppm, 
1J (P tP )  ■ 954 Hz]. The dppm ligand  is  ch e la tin g , and hence the two 
io d in e  ligands are trans to  each o th er. The l J (P tP ) coup ling 
con stan t ( j ( P t P )  * 954 Hz ] in  the product is  approxim ately two
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th ird s  the value found in  the p la t in u m (II ) complex [ l J (P tP ) * 1466 
H z ] which would be expected i f  the iod in e ligands were in  the trans 
p o s it io n s .
( 2 . 2 2 )
2 .9  CONFORMATIONAL STUDIES O r [  ( P B tg ) 2 I g P t ( C6h4ch2<'6 H4 * ^
2 .9 .1  S o lu t io n  N .M .R . S tu d ie s  o f  l< PBt3 >2 I 2 ,it(< V i4CH26 6H4 )  ^
The c ry s ta l s tru c tu re  o f  compound (2 .2 1 ) (S ec tio n  2 .9 .2 ) 
showed that i f  the boat con form ation o f  the p la t in a c y c lic  r in g  was 
r i g i d  in  s o lu t ion , the two phosphine ligands would not be 
ch em ica lly  equ iva len t. One phosphine ligand  would be above the boat 
and one would be below i t .  Hence two s ign a ls  would be observed  in 
the 31P - {1H> n.m .r. spectrum. Th is prompted va r ia b le  low 
temperature 31P - ( l H}  n .m .r. s tu d ies  o f  compound (2 .2 1 ). F ig .  2.26 
shows th at as the temperature i s  lowered the phosphine ligan ds  are 
rendered inequ iva len t as in d ica ted  by the presence o f  two s ign a ls  
in  th e spectrum. Only a small chemical s h i f t  d if fe r e n c e  i s  observed 
but r e a d ily  detected  a t  high f i e l d  (162 W lz ). The lack o f  
s o lu b i l i t y  o f  the compound (2 .2 1 ) in  the s o lv en t was observed at
-100 • C.
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On in sp ection  o f  F ig .  2.26 i t  can be seen th a t a t  -95 °C the
two phosphorus s ign a ls  a re  n ea r ly  fu l l y  reso lved  and so an
approximate value f o r  the r a te  o f  r in g  rev e rsa l can be obta ined  at
th e coalescence temperature Tc, i f  the s low  exchange l im i t  i s  taken
t o  be a t  the temperature -9 5  °C.
A t T c, the ra te  con stan t fo r  r in g  in vers ion




T *  ____
a n d  vAg i s  the frequency d i f fe r e n c e  between the two phosphorus 
s ig n a ls  a t the slow  exchange l im i t . 280
At the approximate s low  exchange l im i t  temperature -95 #C 
th e two phosphorus nu cle i have chem ical s h i f t  values (162 V H z ) o f  
-2905.79 Hz and -2924.60 Hz w ith  1J (P tP ) coup lin g  constants o f  1734 
Hz and 1779 Hz r e s p e c t iv e ly .
The coa lescence tem perature Tc i s  estim ated  to  be 195 K. 
Using the data obtained from th e low temperature 31P-<1H) n .m .r. 
s tu d ies  the r a te  o f  r in g  r e v e r s a l in  (2 .2 1 ) a t  Tc «  195 K is  
c a lcu la ted  to  be ca 42 s- 1 . An e r ro r  o f  t  2 Hz in  v ^  would 
in trodu ce an e r ro r  o f  ±4 s 1 in to  the above ra te  constant.
Assuming v^g is  18.8 Hz and 195 K the temperature o f  coalescence 
Tc, a value o f  AG+- 40.9 kJ m o l"1 (e q . 2 .1 3 )272 is  obta ined  f o r  the 
f r e e  energy o f  a c t iv a t io n  a s soc ia ted  w ith the r in g  r e v e r s a l.






2.26. Low temperature ~**P- (‘ H l n . - . r .  spectra
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A lte rn a t iv e ly ,  the frequ en c ies  o f  the 195P t s a t e l l i t e s  can 
be used to  c a lcu la te  AG ^ fo r  r in g  in v e rs io n . I f  -95  °C is  taken to  
be th e  slow exchange l im it  i 8 c a lcu la ted  to  be 44.5 Hz. Taking
201 K as the temperature o f  coa lesen ce , a value o f  a G^  ■
40 .8  kJ m o l'1 is  obta ined .
An e rro r  in  the coa lesence temperature Tc o f  -v2 K would 
in trodu ce  an e rro r  o f  0 .4  kJmol“ 1 in t o  the value o f  AG,^. S im ila r ly  
an e r r o r  in  the v ^  by “'<4 Hz would in trodu ce an e r r o r  o f  0.4 
kJ m o l '1 . Hence a reasonable value o f  A G ^  -  40.9 ± 0 .4  kJ m o l'1 
i s  ob ta ined  fo r  the f r e e  energy o f  a c t iv a t io n  a ssoc ia ted  w ith r in g  
r e v e r s a l  in  the p latin um (IV ) compound [ (PE t3) 2I 2PtTcpi^CH^C6H4 ) 1 
( 2 . 21 ) .
2 .9 .2  X-Ray C rys ta l Structu re o f  [ ( PI 13) ) ]
S e lected  bond lengths and an g les  are l is t e d  in  Table 2.14 
and in fo rm ation  on an gles  and d e v ia t io n s  from planes in  Table 2.15. 
The numbering scheme fo r  the m olecule i s  shown in  F ig .  2.27.
In  the p latin um (IV ) compound (2 .2 1 ) the octahed ra l geometry 
around the platinum atom is  s l i g h t l y  d is to r te d . I t  can be seen from 
F ig .  2 .27  th at the two iod in e  ligan d s  are mutually c is  and the two 
tr ie th y lp h osp h in e  ligands are trana to  each o ther.
The conform ation o f  the s ix  membered p la t in a c y c lic  r in g  is  
a ls o  a boat, where both the platinum atom (0 .45  A) and C(10)
(0 .40  A ) l i e  above the mean plane d e fin ed  by C ( l l ) ,  C (1 2 ), C (13 ), 
C( 14) (p lane 1 ).  The displacem ent o f  the platinum atom from th is  
p lane has decreased in  compound (2 .2 1 ) compared to  the p la t in u m (II ) 
compound (2 .20a) as a r e s u lt  o f  f la t t e n in g  o f  the boat
con form ation .
In  compound (2 .21 ) the arom atic r in g s  defin ed  by ( C ( l ) ,
C<2), C (3 ) ,  C (4 ) ,  C (12 ), C ( l l ) ]  (p lan e  2 ) and (C (5 ), C (6 ) ,  C (7 ), 
C (8 ) , C ( 14 ), C( 13 )] (p lane 3 ) are in c lin e d  a t  an angle o f  28 .8 °.
The p lan e  [P t , C ( l l ) ,  C (12 ), C (1 0 )] (p lan e  4 ) is  a t  an an gle  o f  
33 .7 « t o  the plane [ (P t ,  C (1 4 ), C (1 3 ), C (10)J (p lane 5 ) .  The 
t r ig o n a l  geom etries around C (12) and C (13 ) a re  again d is to r te d .  The 
an gles  P t -C (1 2 )-C ( l l )  and P t-C (1 3 )-C (14) a re  123.1 (1 3 )°  and 122.6 
(1 1 )°  r e s p e c t iv e ly .
The f la t te n in g  o f  the boat con form ation o f  the p la t in a c y c lic  
r in g  can be seen in  F ig . 2 .27 and on in sp ec tion  o f  the d ihedra l 
angle o f  146.3°. This value is  comparable to  the d ih ed ra l angle o f
231145° in  9,10-dihydroanthracene . I t  s ig n i f i e s  a f la t t e n in g  o f  the 
t r i c y c l i c  system. A d ih ed ra l an gle  o f  180« in d ica tes  a com p letely  
p lanar m olecu le.
2.10 ATTEMPTED AROMATISATION OF [ ( P B t g ) ^  P t i C ^ C H ^ ^ )  ] and 
g<*>p«)I2 P tC C ^ C H jjC ^ J l.
For d e lo c a lis a t io n  o f  e le c t ro n s  to  occur fo llo w in g  removal 
o f  a p ro ton  from the methylene carbon atom C (10) o f  the
9 ,10-dihydroanthracene m oiety in  [ (P E t _ )_ I „  Pt(C_H„CH_C.HJ ]3 2 2 6 4 2 O 4
(2 .2 1 ),  n e c e s s ita te s  the two arom atic r in g s  o f  the 9 ,10-d ihydro­
anthracene moiety moving in to  the p lane o f  the r in g  d e fin ed  by 
[C (1 1 ), C (12 ), C (13 ), C (14) ) .  The X -ray c ry s ta l  s tru ctu re  shows 
th at th e  arom atic r in gs  a re  not fa r  d isp la ced  from th is  p lane in  
the p la tin u m (IV ) compound [ ( P E t g ) ^  P t(C 6H4CH2C6H4 ) ] (2 .2 1 ) and 
hence i t  was reasoned th a t removal o f  a proton from (2 .2 1 ) would be 
p o s s ib le .  Another in d ica tio n  th a t th is  may be so is  th a t r in g
138.
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F ig .  2".27. An end on view  o f  the p la t in a c y c lic  r in g  in  the Molecule
[ (PEt,)_I_P"t(C ..H  .CH_d_H-) 1 showing the atomic numbering 
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Table 2..13. D e v ia t io n s (A )  from mean p lan es (d e f in e d by s ta r r e d
atom s; e .s .d . s . ♦ / - 0 .0 0 5  A ) in [<ret3>2*tC6H4CH2C6H
Plane 1
P t 0 .454 C (1 0 ) 0 .407 •ca n 0 .248
•C (1 2 ) 0 .0 21 • C (13) 0 .020 • C (14) 0 .240
Plane 2
*C (1 ) 0 .012 *C (2 ) 0 .022 *C (3 ) 0 .0 1 0
*C (4 ) 0.011 • C (14) 0 .0 18 *C (1 3 ) 0 .0 07
Plane 3
•C ( 5 ) 0 .002 *C (6 ) 0 .003 *C (7 ) 0 .008
*C (8 ) 0 .018 • C (12) 0 .0 18 *C (1 1 ) 0 .0 08
Plane 4
• P t 0 .013 *C (1 0 ) 0 .0 18 *C (1 1 ) 0 .0 40
• C (12) 0 .035
Plane 5
• P t 0.000 *C (1 0 ) 0.000 • C (14) 0.001
• C (13) 0.001
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r ev e rsa l in  (2 .2 1 ) i s  rap id  in  s o lu t io n  on the n.m .r. tim esca le  a t  
ambient temperature. The tr a n s it io n  s ta te  fo r  th is  process i s  most 
l ik e ly  to  be when the arom atic r in g s  are in  th is  p lane, i . e .  when 
the s t e r ic  in tera c tio n s  between the p e r i protons on the
9,10-dihydroanthracene lig a n d  and the two iod in e  ligands are  a t  a 
maximum. I f  the tra n s it io n  s ta te  f o r  r in g  r ev e rsa l is  p lanar, a l l  
th e in tern a l angles o f  the p la t in a c y c l ic  r in g  would approximate to  
120°. This would introduce a con sid erab ly  degree o f  angle s t r a in .  
However, the fa c t  th at r in g  r e v e r s a l does occur suggests th a t the 
s t e r ic  in te ra c tio n s  and angle s t r a in  (which would a lso  be 
encountered in  the d e lo c a lis e d  ( 'p la tin aan th racen e• m oiety ) can be 
accommodated in  the m olecule. I t  was a ls o  reasoned th at red u c tiv e  
e lim in a tio n  o f  HI from compound (2 .2 1 ) would be e n e r g e t ic a lly  
favou rab le .
Compound (2 .21 ) was tr e a te d  w ith  a s e r ie s  o f  bases and the 
rea c t ion s  fo llo w ed  by 3*P-{^H  )  n .m .r. spectroscopy. Treatment o f
(2 .2 1 ) w ith  trie th y lam in e  even in  la rg e  excess showed no change in  
th e  31P - (1H ) n .m .r. spectrum. R eaction  o f  (2 .2 1 ) w ith t e r t -b u ty l-  
lith iu m  gave a c lean  31P- {^H }  n .m .r. spectrum con ta in in g on ly  one 
sp ec ie s , which was c on s is ten t w ith  redu ctive  e lim in a tio n  o f  iod in e  
t o  g iv e  the p la tin u m (II ) compound (2 .2 0 a ). Reaction o f  a liq u o ts  o f  
th e  base lith iu m  b is (t r im e th y ls ily l)a m id e  w ith (2 .21 ) resu lted  in  
decomposition o f  (2 .2 1 ) to  g iv e  a number o f  platinum con ta in in g 
sp ec ies  inc lu d in g  c is  and trans [(P E t_ )_  Pt(C.H„CH„CeH=) I ] and c is  
and trans [ P t l g i P E t ^ l
Treatment o f  [ ( dppm) 12P t ( ¿6H4CH2CgH4 ) ] (2 .2 2 ) w ith a liq u o ts  
o f  the base te r t-b u ty llith iu m  was fo llow ed  by 31P - (1H) n .m .r.
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spectroscopy . I t  was p oss ib le  th a t a competing rea ction  may be 
a b s tra c tio n  o f  a proton from th e methylene group o f  the dppm ligand  
in s tea d  o f  the proton from C (10 ) in  the 9 ,10-dihydroanthracene 
m o ie ty . However, the on ly  re a c t io n  observed to  occur as evidenced 
by 3W h spectroscopy was red u c tiv e  e lim in a tio n  o f  iod in e
to  g iv e  the p la tin u m (II ) compound (2 .20 g ) (eq . 2 .14 ).
eq. 2.14
Bu* Li
( 2 . 22 ) (2 .20g )
2.11 DISCUSSION
2 .1 1 .1  C o n fo rm a tio n a l S tu d ie s  o f  [  J and
[ ,p , t3 , ï , 2 ' t< W W V 1
I t  is  c le a r  from the X -ray c ry s ta l stru ctu res th at the s ix  
membered p la t in a c y c lic  r in gs  in  the p la t in u m (II ) and platinum (IV ) 
compounds, (2 .20a ) and (2 .2 1 ) r e s p e c t iv e ly ,  both adopt a boat 
con form ation . However the p la t in a c y c l ic  r in g  in the p latinum (IV ) 
compound (2 .21 ) is  fla t te n ed  in  comparison to the r in g  in the 
p la t in u m (II )  compound (2 .2 0 a ). Th is  is  seen on in spection  o f  the 
d ih ed ra l angle o f  fo ld  in the two compounds which is  110.5* in 
(2 .2 0 a ) and 146.5* in  (2 .2 1 ).
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The f la t te n in g  o f  the p la t in a c y c lic  r in g  in  the p latinum (IV ) 
compound (2 .2 1 ) is  a r e s u lt  o f  the presence o f  the t r i e t h y l -  
phosphine ligands above and below the p la t in a c y c lic  r in g .  However 
i t  i s  not immediately c le a r  why the phosphine ligands should 
rearrange to  the trans p o s it io n s  on o x id a tiv e  ad d ition  o f  iod in e. 
Poss ib ly  the e le c t ro n ic  e f fe c t s  are more favourab le in  the 
r es u lt in g  isomer than any o f  the oth er p oss ib le  isomers o r  i t  may 
be that s t e r ic  in tera c tio n s  between the p e r i protons on the 
aromatic r in g s  o f  the 9 ,10-dihydroanthracene moiety a re  minimised 
when the iod in e  ligands are trams to  i t .  A consequence o f  th is  
would be th a t the aromatic r in g s  could move more in to  th e plane 
[ C ( l l ) ,  C (12 ), C (13 ), C (14)] o f  the r in g , b e fo re  s t e r ic  
in tera c tio n s  become un favourable. This i s  c e r ta in ly  the case where 
the aromatic r in gs  defin ed  by the mean planes [ C ( l ) ,  C (2 ) ,  C (3 ), 
C <4), C (1 4 ), C (13) J and (C < 5 ), C (6 ) .  C<7), C (8 ),  C (1 2 ), C(11)J are 
now a t angles o f  13.4° and 15.7° r e s p e c t iv e ly  to  the p lane defin ed  
by [ c ( l l ) ,  C (23 ), C (13 ), C(14 ) ] .  In  the p la tin u m (II ) compound 
(2 .20 a ) the corresponding an gles  are 37.3* and 37 .4°.
The f la t te n in g  o f  the boat conformation o f  the p la t in a c y c lic  
r in g  in  the p latinum (IV ) compound (2 .2 1 ) exp la ins the much lower 
energy b a r r ie r  to  r in g  r ev e rsa l detected  in so lu t ion  n.m .r. 
s tu d ies . In the p latinum (IV ) compound (2 .21 ) rap id  r in g  r ev e rsa l 
occurs on the n.m .r. tim esca le a t  ambient temperature. Thia i s  in 
sharp con trast to  (2 .20a) »»here even a t  100 °C the boat 
conform ation is  r ig id  in  s o lu t io n . The d iffe r e n c e  in  the energy 
b a r r ie r s  to  r in g  reve rsa l f o r  compounds (2 .20a) and (2 .2 1 ) 
o r ig in a te s  from d iffe ren ce s  in  energy o f  both the ground s ta te s  and 
tra n s it io n  s ta te s  fo r  the p rocess.
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2 .11 .2  Saturated and Uhsaturated S ix  Neabered P la tin a cyc le s
I t  i s  in te r e s t in g  to  compare the e f f e c t  o f  replacem ent o f  a 
methylene group in  cyclohexane and 9 ,10-dihydroanthracene w ith  a 
square p lanar platinum atom. In  the saturated p la t in a c y c le  (2 .16b ) 
the platinum has resu lted  in  f la t t e n in g  o f  the ch a ir  conform ation 
and led  to  a decrease in  the energy b a r r ie r  to  r in g  r e v e r s a l .  Even 
a t  -150° C a t 400 MHz the r in g  in  (2 .16a ) undergoes rap id  r in g  
re v e rsa l.  In con tra s t , the e f f e c t  o f  the platinum atom on the 
conform ation o f  9 ,10-dihydroanthracene is  to  increase  the puckering 
o f  the boat conform ation o f  the c en tra l r in g  and to  r a is e  the 
energy b a r r ie r  to  r in g  r e v e r s a l.  A t 100 °C and 400 MHz the boat 
conform ation in  (2 .20a ) was r i g id  in  s o lu t ion . The conform ations 
adopted by the p la t in a c y c lic  r in g s  re s u lt  from a balance o f  both 
an gle  s tra in  due to  the sm a ller  C-Pt-C bond angles and s te r ic  
e f f e c t s  imposed by the square p lanar geometry o f  the platinum atom.
2 .11 .3  Attempted Arom atisation
Attempts to  ob ta in  a 'p la tin aan th racen e ' m oiety by 
ab strac tion  o f  e ith e r  H o r  H~ from the p la tin u m (II ) compound 
[ ( PEt3 ) 2^ t ( ¿gH4CH2(' 6H4 ) 1 (2 .20a ) were unsuccessfu l. However in  view 
o f  the con form ational stu d ies  c a rr ied  out on (2 .20 a ) i t  i s  perhaps 
n o t su rpris in g . I f  e ith e r  H* o r  H-  abstrac tion  was to  occur, the 
arom atic r in gs  o f  the 9 ,10-dihydroanthracene m oiety and the square 
p lanar p la t in u m (II ) atom would be requ ired  to  move in to  the plane 
[ C ( l l ) ,  C (12 ), C (13 ), C (14) ] ,  f o r  e le c tro n  d e lo c a lis a t io n  to  occur. 
Th is  would not on ly  introduce an gle  s tra in  e f fe c t s  in  having a l l  
the atoms coplanar but would req u ire  the tr ie thy lphosph in e ligands
147.
to  move in to  the same plane as the p e r i  protons on the arom atic 
r in g s .  This would r e s u lt  in  a con sid erab le  degree o f  unfavourable 
s t e r i c  in te ra c tio n  which i t  would appear cannot be accommodated in  
a ground s ta te  m olecule such as the ' p la tin aan th racen e• m oiety.
The in a b i l i t y  to  ab s trac t a p ro ton  from the p la tin u m (IV ) 
compound (2 .2 1 ),  by red u c tiv e  e lim in a tio n  o f  HI to  form a 
'p la tin a an th ra cen e ’ m oiety was d isap po in tin g , con sid er in g  the X-ray 
c r y s ta l  s tru ctu re  showed th a t the p la t in a c y c l ic  r in g  was f la t te n ed  
and th e *H n .m .r. s tu d ies  in d ica ted  rap id  r in g  rev e rsa l was 
occu rrin g  on the n.m .r. tim esca le  a t  ambient ten*>eratures.
An important fa c to r  in  the unsuccessfu l attem pts to  ob ta in  a 
'p la tin a an th ra cen e ' m oiety was the competing rea c t ion  o f  red u c tiv e  
e lim in a t io n  o f  I 2 from the p la tin u m (IV ) compound. I t  i s  p o s s ib le  
th a t o x id a t iv e  a d d ition  o f  oth er su bstra tes  o r  use o f  sm a ller  
lig a n d s  than phosphines would lead  to  the successfu l syn th es is  o f  
p la tin aan th racen es .
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CHAPTER THREE
SIX MEMBERED CHELATE STABILISED ALCOHOL- AND ALKOXO-
PLATINUM(II) AND PALLADIUM( I I ) COMPLEXES
3.1 INTRODUCTION
Complexes o f  the la t e  t ra n s it io n  metals con ta in in g weak 
donor ligands which may be r e a d i ly  d isplaced  by a substrate 
m olecule have been used to  ob ta in  c a ta ly t ic  a c t iv i t y  in  
transform ations in vo lv in g  unsaturated organic su b s tra tes .281,282 In 
rec en t years tra n s it io n  metal complexes con ta in in g b iden tate  
ligan d s  which have one strong  and one weak donor group, have been 
s tu d ie d .288,284 Such compounds may be usefu l as homogenous 
c a ta ly s t s .285 The ch e la te  e f f e c t  con fers  a d d ition a l s t a b i l i t y  on 
th e complex in  the absence o f  the substra te w h ils t  the weak donor 
r e ta in s  i t s  s u s c e p t ib i l i ty  to  d isplacem ent by a substrate m olecule.
An example o f  an unsymmetrical, p o te n t ia lly  b iden tate  ligand  
i s  the fu n ctio n a lised  phosphine con ta in in g  one diphenylphosphine 
and one a lcoh ol (3 .1 a ) o r  e th e r  (3 .1 b ) group. These ligands form 
f i v e  membered ch e la tes  w ith  p la t in u m iII ) . 286-289
Ph2P(CH2)nOR
(3 .1 a ) R-H
(3 .1b ) R-CH.
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In the present work the fu n c tio n a lis ed  phosphine ligand  
(3 .2 )  was syn thesised  in  an attem pt to  obta in  s ix  membered ch e la te -  
s ta b i l is e d  a lc o h o l-  o r  a lkoxo- p la t in u m (II )  complexes.
Ph2P OH
3 .1 .1  Nonodentate Oxygen Donor Complexes o f  Platinum
Hard ligands con ta in in g  the e le c t ro n e ga t iv e  oxygen donor 
atom would be expected to  bind on ly  ve ry  weakly to  th e s o f t  Lewis 
a c id ,  p la t in u m (I I ) .290 Oxygen donor complexes o f  the Group V I I I  
(8 -1 0 ) tra n s it io n  metals e ith e r  (1 ) have seve ra l hard donors 
coord ina ted  to  the m etal, a m an ifesta tion  o f  the sym b iotic  
e f f e c t , 291 o r  ( i i )  the oxygen donor i s  trans to  a lig an d  o f  high 
trana in flu en ce  such as hydride, a lk y l  o r  a ry l ligands where the
292an tlsym b io tic  e f f e c t  promotes coo rd in a tion .
Well character ised  alkoxo-platinum  complexes a re  ra re  and 
g e n e ra lly  u n stab le .293-295 Those complexes which have been Iso la ted  
a re  o fte n  extrem ely m oisture, oxygen and temperature s e n s it iv e .  In 
1986 the f i r s t  w ell ch aracter ised  but h igh ly  r e a c t iv e  b is -a lk oxo  
platinum  complex (3 .4 ) was prepared by the m etathesis rea c t ion  o f  
th e corresponding d lch lo r id e  (3 .3 )  w ith  sodium methoxide
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P^2p Q  Ph3
S  N. ✓  .
L x Ptv  4 2 NqOCH3 —  f
"  ~l ^
K  s  0 C H 3
Pt 2 No ci
Ph/
(3 .3 )
Complex (3 .4 )  when tre a te d  w ith  carbon monoxide, generated 
th e  s ta b le  b is-m etho xy ca rb o nyl p ro d u c t297 ( 3 .5 )  (e q . 3 .2 ) .
P^ 3 p x  / J C H j 2  C O P^ P \  , C 0 , C H 3
C R \
P ^ p / P ,X 0CH 3 p ^ p '  C O j C H j
(3 .4 ) ( 3 .5 )
The h ig h ly  re a c tiv e m ono-alkoxo p latinu m  complex (3 .6 )
undergoes carbon monoxide in s e rt io n to  form the mono-methoxy
c a rb o n yl pro du ct (3 .7 )  (e q . 3 .3 ) .
eq.
CO
? P " p , - C H j
Ph'! p X  V 0 C H ,
(3 .6 ) (3 .7 )
In se rtio n  in to  the Pt-C bond in  complex (3 .6 )  was not 
observed although the in se rtion  mechanism is  analogous to  those 
p rev iou s ly  estab lish ed  fo r  in s e r tio n  in to  M-C bonds.298
Bryndza e t  a l . 299 have shown th at the p rev iou s ly  unknown 
a lkene in se rtion  in to  a M-0 bond can occur (e q . 3 .4 ).  Again, no 








by the same mechanism as in se rtion s  in to  M-C and M—H bonds in which 
a ssoc ia tio n  o f  the alkene to  g iv e  a f i v e  coord ina te  complex is  
fo llo w ed  by in s e r tio n  in to  the Pt-O bond. I t  is  in te r e s t in g  to  note 
th a t in the above two in se rtion  rea c t ion s , the hard base/soft acid  
complex (3 .6 ) does not depend on d is so c ia tio n  o f  methoxide fo r  
r e a c t iv i t y .
The d i f f i c u l t y  in  is o la t in g  alkoxo complexes o f  the Group 
V I I I  (8 -10) tra n s it io n  metals has been a ttr ib u ted  to  the commonly 
h e ld  perception  that such spec ies  have weak M-0 bonds due to  the 
weak in terac tio n  o f  the hard base w ith the r e la t i v e ly  s o f t  Group 
V I I I  (8 -10) metal c e n tr e s .290 The dominant decomposition pathway o f  
m etal a lkox ides is  6-hydrogen e lim in a tion  and the ease with which 
metal a lkox ides decompose to  form metal hydrides has been assumed
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t o  be due to  the weak M-0 bonds low ering the in t r in s ic  b a r r ie r  to 
B-hydrogen e lim in a tio n  rea c t ion s  by ra is in g  the ground s ta te  fre e
p la t in u m (II )  a lkox ides is  a low  energy p rocess but where both e thy l 
and methoxo ligands are p resen t as in  compound (3 .9 ) ,  decomposition 
from e th y l ligan d  B -e lim ination  predominates.
Thermodynamic s tud ies  on [(dppe)Pt(OMe>2 ] and [(dppe)
P t ( CH^CH^) 2 ) in d ic a te  th at the presence o f  non -assoc ia ting  p o la r 
bonds such as methoxide can a c c e le ra te  B-hydrogen e lim in a tion  from 
both a lk y l and alkoxo Uganda. These re s u lt s  a re  incona is ten t w ith 
th e assumption that the m etal-oxygen bonds are in t r in s ic a l ly  
thermodynamically weak. A recen t study by Bryndza and Bercaw300 has 
shown that metal oxygen bonds fo r  the la t e  t ra n s it io n  metals are 
n o t weak thermodynamically. In  fa c t  LnM-OH bonds are found to  be 
g en e ra lly  stron ger than l^M-Cfsp* ) ,  Ln»-H  o r  I*nM-N bonds although 
n itrogen  ligands such as a c e to n it r i le  and p y r id in e  are found to  
b ind much more r e a d ily  to  the platinum group m etals. I t  would 
appear that the l a b i l i t y  o f  many platinum oxygen donor complexes is  
k in e t ic  in  o r ig in ,  as a r e s u lt  o f  the ex is ten ce  o f  f a c i l e
097
en erg ies  o f  a lkox id es  r e la t iv e  to  a lk y ls .
• 297
Bryndza e t  a l .  have shown th at decom position o f
(3 .9 )
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decom position pathways such as B-hydrogen e lim in a tio n , ra th e r  than 
thermodynamic in  o r ig in .
The energy b a rr ie rs  to  B-hydrogen e lim in a tio n  from a lk y l and 
a lk ox o  ligands may be c o n tro lle d  by design o f  complexes with 
ap p ro p ria te  ligan d s . For example, in co rpora tion  o f  M-0 bonds in to  
c h e la te  r in gs  leads to  in h ib it io n  o f  the B-hydrogen e lim in s tion  
decom position pathway and consequently such compounds have g rea te r  
chem ica l s t a b i l i t y . 286,287
3 .1 .2  Chelate S ta b ilis e d  Oxygen Donor Complexes o f  P la tin is i
Recently a number o f  platinum alkoxo complexes have been 
is o la t e d  where the P t-0  lin kages  have been incorporated  in to  
c h e la te  r in g s . For example W i l l i s  e t  a l . 301 have prepared s tab le  
f lu o ro a lk o x id e s  o f  p la t in u m (II )  using the b id en ta te  p e r flu o ro -  
p in a c o l d ianion (3 .1 0 ) w ith  a range o f  phosphine co -lig a n d s .
The ch e la tin g  platinum alkoxo complexes have g rea te r  
thermodynamic s t a b i l i t y  than the monodentate platinum a lkox ides. 
The c h e la t in g  g ly c o la te  platinum complex (3 .1 1 ) on heating at
the monodentate a lkoxo complex (3 .4 )  which is  unstable even a t room
(3 .1 0 )
297tem perature.'
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P r in g le  e t  a l .^  »287 ^ave s^own that the ligands 
Ph^PCH^CMe^OH (3 .12 ) and Ph^PCH^CH^OH (3 .1 3 ) form O-donor complexes 
w ith  p la t ln u m d l) which are a i r ,  m oisture and therm ally s tab le .
They do not contain  abnormally lon g  o r  weak P t-0  bonds.
r \
Ph2P OH Ph7P |OH
Reaction o f  the bis-phosphine complex (3 .14 ) with AgC104 




♦  2 AgCl
(3 .14 ) (3 .1 5 )
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(3 .1 4 ) in  CDC13 is  a broad s in g le t  w ith  195Pt s a t e l l i t e s  which, 
when coo led  to  -40 ° C sharpens to  an AX p a ttern . The ch e la te  
complex (3 .16 ) in  which the a lcoh o l donor i s  bonded to  the metal 
was assigned  to  th is  sp ec ies . The f lu x io n a l it y  in  so lu t ion  is  due 
to  in tercon vers ion  o f  the tautomers (3 .16a ) and (3 .16b ) by rapid 
in tram olecu lar -OH exchange as shown in  Scheme 3.1.
Scheme 3 .1 . F luxional behaviour o f  [ P tC l2 (Ph2PCH2CMe20H)2] in
Even in the absence o f  the s i l v e r  s a l t  the supposedly weak 
oxygen donor has d isp laced  the ch lo ro  ligan d .
T








Deprotonation o f  the b is-phosphine complex (3 .1 4 ) with NaOH 
in  e th a n o l, [LiN (S iM e3>2 ] in THF o r  NEt3 in  CDC13 gave the b is -  
a lkoxo ch e la te  complex (3 .1 7 ) (e q .  3 .6 ).
eq. 3.6
HO p ^ 2  Cl -  2 H * Ph»Ps  ^ 0
PT ------ - pt
h o  x ci
* 0
(3 .14 ) (3 .17 )
From the c ry s ta l s tru ctu re  o f  (3 .1 7 ) i t  was deduced th at the 
Pt-O bonds are  the expected len g th  f o r  a s in g le  bond and show no 
anomalous weakening. The b is -a lk oxo  ch e la te  complex (3 .1 7 ) is  a ir  
s ta b le  and can be re flu xed  in a lc o h o lic  KOH fo r  16 h w ithout any 
s ign  o f  decomposition. This i s  in  con tra s t to  the mononuclear b is -  
a lk ox op la tin u m (II ) complex [ Pt(OMe>2(Ph2PCH2CH2PPh2 ) ] (3 .4 ) which
decomposes a t  25 "*C in so lu t ion  and is  s e n s it iv e  to  water.
Anderson e t  a l . 2®® have shown th a t the ch e la te  complexes
(3 .1 9 ) and (3 .2 0 ) can be obta ined  from the fu n c tlo n a lia ed
phoephinoether Ph.PCH.CH.OMe (e q . 3 .7 ).
2 2 2  eq. 3.7




Co; — . Pi 2cio;
N0CH,
(3 .18 ) (3 .1 9 ) (3 .20 )
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From the c ry s ta l s tru ctu re  o f  the ch e la te  e th e r  complex2®9
(3 .1 9 ) i t  was found th a t the P t-0  bond length is  2 .192 (7 ) A and is
the lo n ges t platinum eth e r  bond known. The Pt-0  in te ra c tio n  is  only 
formed when a vacant s i t e  is  c rea ted  by h a lide  ab strac tion .
The r e a c t iv i t y  o f  the P t-0  bond was in ves tig a ted  by tre a tin g  
complex (3 .1 9 ) w ith carbon monoxide. The carbon monoxide molecule 
d isp la ced  the eth er function , fo llo w e d  by isom erisation  o f  the c is  
complex (3 .2 1 ) to  y ie ld  the trans complex (3 .22 ) (e q . 3 .8 ).
Reaction o f  complex (3 .1 9 ) w ith  pyrid ine o r  dimethylsulphide 
resu lted  in  displacement o f  the e th e r  function but, in  con trast to 
the rea c t ion  with CO, i t  is  the c is  isomer that is  formed. No 
rea c t io n  w ith  ethy lene was observed . The s t a b i l i t y  o f  the complexes 
formed by Ph2PCH2CH20Me and the f a c i l e  displacement o f  the ether
/OCH 3 CO CO
Cl
(3 .19 ) (3 .21 )
eq. 3.8
“V
o c \  P^ p/r""N ° CH3
(3 .22 )
fu nction  in s o lu t io n  means th at such complexes may prove usefu l as 
homogenous c a ta ly s ts .289
3.2  SYNTHESIS AND CHARACTERISATION OF PLATINUM ( I I )  AND 
PALLADIUM(II) COMPLEXES OF PtigPCHgCHgCHgOH 
S eve ra l b is-phosphine p la t in u m (I I )  complexes o f  the type
(3 .2 3 ) and (3 .2 4 ) were prepared and ch a ra c te r ised , using the 
fu n c tio n a lis ed  phosphine (3 .2 ) .
N Q ^
P ^ 2 X 'X




(3 .2 3 ) (3 .24 )
The s ix  membered c h e la te -s ta b i l is e d  b is -a lc o h o l complex
(3 .25 ) and b is -a lk oxo  complex (3 .2 6 ) were a ls o  syn thesised  and the 
chem istry and rea c t ion s  in vo lv in g  the P t-0  bonds in v e s tig a ted .
“ 1**





(3 .25 ) (3 .26 )
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3 .2 .1  Synthesis and C h arac te r isa t ion  o f  Pt^PCH^CH^C^OH
The reported  method302 o f  syn th es is  o f  PhgPCH^CH^H^H (3 .2 ) 
in vo lve s  r in g  opening o f  the c y c l ic  e th e r  trim ethyleneoxide by 
treatm ent w ith  lith ium  diphenylphosph ide.
In the present work an a l t e r n a t iv e  method using a more 
conven ien t s ta r t in g  m ateria l was used (e q . 3 .9 ).
. c u c h 2)3oh
Ph3P ♦ Li -------► PhLi -  Ph,PLi --------- Ph2PCH2CH2CH2 OH
(3 .2 )
The phosphine was is o la ted  as a wh ite c r y s ta l l in e  sol '. I t  
was handled fo r  short periods in a i r  during weighing e tc .  but was 
s tored  under an in e r t atmosphere to  p reven t ox id a tion . The 
phosphine was ch aracterised  by l H, 31P - { 1H ), l3C - (1H ) n.m .r. 
sp ectroscopy , in fra -red  spectroscopy and elemental an a lys is .
3 .2 .2  S y n th e s is  and C h a r a c te r is a t io n  o f  B is -P h o sp h in e  Complexes o f  
t h .  T y p .  |KXX■ ( »^ P C H j O ^CH j OH)p  )  ( I h P t  o r  Pd )
The bis-phosphine complexes (3 .2 7 a -d ) and (3 .28a-b ) were 
prepared by reaction  o f  the phosphine Pti^PCHgCH^CHgOH (3 .2 ) with 






















(MX X’(1.5-■ COD)) ♦  2 Ph2 P OH *■
H0 X* H 0 ^ ^ ^ p P h j^ X *
M or M/ \  
^ pPh, X
OH
(3 .27 a ) M-Pt, X -X '-C l (3 .28a) M-Pt, X -C l, X'-CH3
(3 .27b ) M*Pt, X=X' =Br (3.28b ) M=Pd, X -X '-C l
(3 .27 c ) M-Pt, X -X '- I (3 .28c ) M-Pt, X-X’ - I
(3 .27d ) M-Pt, X-X'-CH3
A l l  the complexes were is o la te d  as a ir  s ta b le  s o lid s  which 
were ch a racter ised  by and spectroscopy, in fr a ­
red spectroscopy, and e lem ental an a lys is . The c is  o r  trans 
assignments were made on the b as is  o f  the P t-C l s tre tch in g  
frequ en c ies  (data g iven  in  Tab le 3 .1 ) and the 'J (P tP )  coup ling 
constants (data  g iven  in  Table 3 .1 ).  The 1H n.m .r. spectra  o f  
compounds (3 .27a-d ) and (3 .28 a -b ) (data  g iven  in  Table 3 .2 ) are 
s im ila r .  The 31P-(*H  ) n .m .r. sp ec tra  o f  complexes (3 .27a-d ) and 
(3 .28a ) and (3 .28c) are s in g le t  resonances with l95Pt s a t e l l i t e s  in 
each case.
A t 25 *C the 31P - (1H ) n .m .r. spectrum o f  c is -  
(P tC l2(Ph2PCH2 CH2CH20H)2 J (3 .27 a ) in  methanol is  a broad s in g le t  
w ith 195Pt s a t e l l i t e s .  When the s o lu tion  was coo led  to  -70 *C the
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Tab le 3 .2  31P - {^H > n .rn .r .*  and i . r . * *  data fo r  compounds o f  
the type [MXX*( Ph2PCH2CH2CH20H) 2 J.
Compound «< 31p> l J (P tP ) c is/ tran s (H -CD/cs“ 1
(3 .27a ) 7.2 3680 c is 285, 315
(3 .27b ) 9.0 3619 c is -
(3 .27 c ) 6.9 3495 c is -
(3 .28 c ) 3.8 2413 trans -
(3 .27d ) 17.1 1873 c is -
(3 .28a ) 22.3 3040 trans 275
(3.28b ) 16.5 - trans 355
(3 .25 ) -4 .2 3924 c is -
(3 .26 ) -5 .3 3469 c is
a Spectra (162 MHz) measured in  methanol a t ambient temperature. 
Chemical s h i f t s  A in  ppm ( t  0 .1 )  to  high frequency o f  85* H3P04 - 
Coupling constants J in  Hz (t  3 ) .
Cesium io d id e  d iscs .
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broad resonance sharpened. At ambient temperature, a so lu tion  o f  
(3 .27a ) in  methanol had a con d u ct iv ity  o f  8 6 f l -1 cm*mol-1 , 
suggesting an io n ic  spec ies  i s  present in  so lu t ion , although the 
measurement is  low fo r  a 1:1 s a l t .
The low temperature 31P - {1H) n .m .r. observations are 
markedly d i f fe r e n t  from th e complex [P tC l^Ph gPC H ^H ^H )^  (3 .14 ) 
where the broad resonance obta ined  in  methanol a t 25 °C sharpens to  
an AB pa ttern  when coo led  to  -40 °C. The f lu x io n a l it y  o f  (3 .14 ) was 
ra t io n a lis e d  in  terms o f  in tram olecu lar -OH exchange (see  Section  
3 .1 .2 ).
One exp lan ation  f o r  the observations made on (3 .27a) i s  that 
a t ambient temperature an exchange process A (Scheme 3 .2 ) occurs 
in vo lv in g  the b is-phosphine complex (3 .27a ) and the chela te  (3 .29a ) 
in  which the a lcoh o l is  coo rd in a tin g  to  the p la tin u m (II ) atom. I f  
th is  is  the case, a d d ition  o f  a Cl source would re s u lt  in  
sharpening o f  the s ign a l as the equ ilib rium  A is  sh ifted  towards 
the b is-phosphine complex (3 .2 7 a ). This is  indeed what is  observed 
on the a d d ition  o f  e ith e r  HC1 o r  [ PPN Cl]. On coo lin g  the so lu tion  
the equ ilib r iu m  p o s it io n  is  changed so th at again the bis-phosphine 
complex (3 .3 0 ) a lone is  p resen t in  so lu t ion . This is  in con trast to  
the ob serva tions o f  P r in g le  e t  a l . 287 where methanol so lu tions o f  
[PtClgiPhgPCHgCMe^OHj^ ] ( 3 . 1 4 ) on coo lin g  contained exc lu s ive ly  the 
monochelate (3 .1 6 ).
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(3 .27a ) (3 .29a)
/ /  B
Scheme 3 .2. F lu x iona l behaviour o f  [ PtClgfPhgPCHgCHgCH^H)^ in 
methanol.
3.3 SOME REACTIONS OF C IS -f P tC l„ ( Ph_PCH_CH_CH_OH) J
3.3.1 Reaction o f  c ia - [  P tC l„ ( Ph^PCH^CH^CH^OHj^lwith AgC104
Add ition  o f  two eq u iva len ts  o f  AgC104 to  the bia-phoaphine 
complex (3 .27a ) in  methanol g iv e s  the c ia -d lc a t io n ic  complex (3 .25 ) 
in which the phoaphine ligand  ia  ch e la tin g  and both the phoaphorua 
and oxygen atoms are  coordinated to  the p la tin u m (II ) atom (eq . 
3 .11 ).
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2 AgClO* 2 CIO*
(3 .2 7 a ) (3 .25 )
Complex (3 .2 5 ) was is o la ted  as a wh ite a i r  s tab le  s o lid  
which was c h a ra c te r is ed  by *H and ^ *P - {*H } n .m .r. spectroscopy, 
in fra -r ed  spectroscopy  (absence o f  P t-C l bands) and elemental 
an a lys is . The la r g e  1J (P tP ) o f  3924 Hz (Tab le  3 .2 ) i s  con sisten t 
with the trans a lc o h o l group being a poor donor fo r  the 
p la t in u m (I I ) .
3 .3 .2  R eaction  o f  c ia -  [P tC l2(Pt»2PCH2CH2CH20H)2 ] w ith  PPhCl2 
The -OH bonds in  the b is-phosphine complex 
[ PtClgtPhgPCHgCHgCHgOH)^ ] (3 .27a ) rea c ts  w ith  hydro lysab le P-Cl 
bonds to  form phoaphonite type ligan d s . Add ition  o f  one equ iva len t 
o f  PPhClg to  (3 .2 7 a ) in  chloro form  gave one major spec ies  in 
s o lu t io n , [«31PX 119.9 p .p .m ., l J (P tP x ) -  4534 Hz, « PA 9.2 p .p .m ..
”  2278 Hz, *  21 Hz J. Th is is  con sis ten t w ith th e
stru ctu re (3 .3 0 ) in  s o lu tion  (e q . 3 .12 ).
A d d ition  o f  NEt^ gave white fumes o f  triethylammonium 
ch lo r id e  HNEt3 C l . No change in the major spec ies  in so lu tion  was 
observed as shown by ^*P-{*H  } n .m .r. spectroscopy.
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HO Cl
HCk ^ ^ PPh 2 Cl
(3 .27a )
- 2HCI
PPhClj ------ ► eq . 3 .12
(3 .30 )
3.4 SYNTHESIS AND CHARACTERISATION OF THE BIS-ALKOXD CHELATE 
COMPLEXES OF PLATINUM(II) AND PALLADIUM(II).
3.4.1 Synthesis and Characterisation o f c i s -  [¿t(Ph2FCH2CH2pi^& )2  J 
The b is-phoaph ine complex (3 .27a ) la  c le a n ly  deprotonated by 
NaOH o r  NEtg in  methanol to  g iv e  the b ia-a lkoxo ch e la te  complex
(3 .26 ) (eq . 3 .1 3 ).
eq . 3.1
2 c r
(3 .27 a ) (3 .26 )
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The b ia -a lk ox o  ch e la te  complex (3 .26 ) was is o la te d  as a 
white a ir  s ta b le  s o l id  and d id  not decompose on lea v in g  s o lu t io n s  
in methanol t o  stand fo r  s eve ra l hours (as shown by 31P - { 1H> n.m .r. 
sp ec troscop y ). I t s  stru ctu re  was assigned on the basis  o f  elem ental 
a n a lys is , in fr a - r e d  spectroscopy (absence o f  P t-C l bands) and 31P- 
{ 1H } n .m .r. spectroscopy . The 'J (P tP ) value in  the b is -a lk o x o  
ch e la te  complex (3 .2 6 ) (data g iven  in  Table 3 .2 ) is  ca 200 Hz lower 
than the c ou p lin g  constant in  the b is-phosphine complex c l s -  
[P tC l2P2 ] (3 .2 7 a ) which suggests th at the alkoxo group i s  a s tron ger 
cr donor fo r  p latinum  than a ch lo ro  ligan d .
Complex (3 .27a ) was t i t r a t e d  w ith a liq u o ts  o f  NaOH in  
methanol and th e rea ction  fo llo w ed  by 3*P—{^H)  n .m .r. sp ec troscop y . 
The d eprotona tion  appeared to  in vo lve  seve ra l in term ed ia te  sp ec ie s . 
The 31P - ( l H ) n .m .r. spectra  o f  two o f  the in term ediate s p e c ie s  were 
s im ila r  showing an AB pattern  w ith 195Pt s a t e l l i t e s [ SPA 5 .5  
p .p .m ., l J (P tP A ) -  3597 Hz, 6 P g  1 .7  p .p.m ., l J (P tP# ) -  3765 Hz. 
2 j (P APB) "  17 Hz 1 and tSPA 0 8 P -P -1" - «  1J (P tP A ) -  3242 Hz, «  Pg 
-7 .5  p .p .m ., 1J (P tP B) -  3441 Hz, 2J (P APg) ■ 18 Hz]. The sm a ll 
2J(P a Pb ) cou p lin g  constants in  both cases are con sis ten t w ith  the 
phosphorus n u c le i being mutually c i s . I t  is  not c le a r  what 
stru ctu re  these two spec ies  have but they may have s tru c tu res  
s im ila r  to  (3 .3 1 ) and (3 .3 2 ) although i t  would be expected  th a t 
compound (3 .3 1 ) would be f lu x io n a l in  so lu t ion .
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(3 .3 1 ) (3 .3 2 )
Deprotonation o f  the d ich lo ro  bis-phosphine com plex (3 .27a) 
w ith NEt^ in  methanol gave the same b is -a lkoxo  ch e la te  complex
(3 .2 6 ). However add ition  o f  NEt0 in  chloroform  to  th e d ic h lo ro  
complex (3 .27 a ) gave a spec ies  whose 31P- ( 1H) n .m .r. spectrum 
195
showed a broad resonance with P t s a t e l l i t e s  a t am bient 
tem perature. Upon co o lin g  the so lu t ion  to  -60® C two sp ec ie s  in 
approxim ately equal proportions were detected  by 31P - (* H )  n .m .r. 
spectroscopy. One species  was assigned the structu re o f  the b is -  
alkoxo c h e la te  complex (3 .2 6 ). The other spec ies  showed an AB 
pattern  but the 19i>Pt s a t e l l i t e s  were not reso lved , [ A P^ 0 .8  
p .p.m ., aPB 3 .0  p .p.m ., 2J (P aP0 ) *  MO.O Hz (n o t f u l l y  r es o lve d )] 
. This second species  may be the b inuclear compound (3 .3 3 )






The complex [ P tB ry  PhgPCHgCHgCHgOH)^ (3 .2 7 b ) and the 
m ixtures o f  e ia -  and trans-  [ P t I2(Ph2PCH2CH2CH20H)2 ) ]  (3 .2 7 c ) and 
(3 .28 c ) were c le a n ly  deprotonated by NaOH in methanol t o  g iv e  in
both cases th e  e ls  b is -  alkoxo ch e la te  complex (3 .2 6 ) as shown by 
31D . l u .
P -» H } n .m .r. spectroscopy.
The b is -a lk oxo  ch e la te  complex (3 .26 ) was a ls o  obtained upon 
treatment o f  the d ic a tio n ic  complex (3 .25 ) w ith NEt3 (e q .  3.14) as 
shown by 31P - } n .m .r. spectroscopy.
eq. 3.14
♦  2CI04"
(3 .2 5 ) (3 .26 )
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3 .4 .2  R eaction  o f  [P tC l(CH3)(Ph 2PCH2CH2CH20H)2 ] w ith  Sodium 
Methoxide
The complex trans-  [ PtCl(CH3 ) ( Pl^PCHgCHgCH^Hg)] (3 .28b ) on 
treatm ent w ith  excess o f  NaOH in methanol gave a sp e c ie s  whose 31P- 
(*H }  n .m .r. spectrum was an AB pa ttern  w ith  195P t s a t e l l i t e s .  The 
la rge  2J (P AP0 ) coupling constant is  c on s is ten t w ith  the formation 
o f  the tran s-a lkoxo ch e la te  complex (3 .3 S ),  i « 31Pa  22.8 p .p .m ., 
XJ (P tP A) -  3066 Hz, «P 0 13.1 p .p .m ., \ j(P tP B) -  3136 Hz, 2J (pApB>
-  451 Hz ].
OH
(3 .3 5 )
3 .4 .3  R e a c t io n  o f  [  P d C l^  P t^ P C T ^ C T y ^ O H ^ J  w ith  Sodium  M ethox id e  
Upon treatment o f  [ PdCl2 (Ph2PCH2CH2CH20H)2 ] in  methanol w ith  
an excess o f  NaOH in  methanol, the b r ig h t y e llo w  p r e c ip ita te  
d isso lved  to  g iv e  a s im ila r  b r igh t y e llo w  s o lu t io n . The 31P-{*H J 
n.m .r. spectrum o f  the s o lu tion  was a s in g le t  resonance (4 3 lP *
22.2 p .p .m .).  This spec ies  was not is o la te d , how ever, i t s  s tru ctu re  
may be p oss ib ly  e ith e r  the c is  or trans b is -a lk oxo  c h e la te  
p a lla d iu m d l ) complex (3 .3 6 ) or (3 .3 7 ).
171.
(3 .36 ) (3 .3 7 )
3 .5  S O «  REACTIONS OF THE BIS-ALKOXD CHELATE COMPLEX 
IP t (P h 2PCH2CH2CH20 ) 2 l
The fo llo w in g  se c t ion s  d escribe p re lim in a ry  experiments to  
in v e s t ig a te  the chem istry o f  the P t-0  bond in  the ch elates  (3 .2 6 ).  
In each case the spec ies  are assigned on th e b as is  o f  31P - ( l H ) 
n .m .r. spectroscopy on ly snd th ere fo re  the assignments are 
t e n t a t iv e .  However, s im ila r  spec ies  were ob ta in ed  by P rin g le  
303e t  a l . which were more e x te n s iv e ly  ch a ra c te r is ed .
3 .5 .1  R e a c t io n  o f  c  1 s - f  ¿ t ( Ph.PCH.CH.CH.O ) ^  1 w i t h  HC1
Treatment o f  the b ls -a lk oxo  ch e la te  complex (3 .26 ) w ith  
d i lu te  aqueous HC1 gsve the bis-phosphine com plex (3 .27a) 
q u a n t ita t iv e ly  (aa shown by 3 lP - ( l H ) n .m .r. sp ec troscop y ). Hence 




Sulphur d iox ide was bubbled through a solu tion  o f  the 
b ia -a lk oxo  ch e la te  complex (3 .26 ) to  determ ine whether the molecule 
would in a e r t in to  the P t-0  bonds o f  the a lk ox id e . The 31P - ( 1H)
n.m .r. spectrum o f  the resu lt in g  s o lu t io n  showed an AB p a tte rn . The 
195Pt s a t e l l i t e s  were not reso lved  but the small *J (P^Pg) coup ling 
constant i s  con sisten t with the phosphorus nuclei being m utually 
c is  and the spec ies  is  assigned s tru ctu re  (3 .3 7 ) in  which mono 
in s e r tio n  o f  SO has occurred , ! 6 31P 13.3 p .p .m ., 4 P 5.8 p .p.m ..
r 4 '
Ph2P —  PI —  0
I J
P h jP _ y
(3 .37 )
3 .4 .3  R e a c t io n  o f  c l a - i  P t ( Ph„PCH„CH_CH„Q) _1 w ith  2 ,6 - D im e th y l-
p h e n y l is o c y a n id e
The rea c t ion  o f  the b is -a lk oxo  c h e la te  complex (3 .2 6 ) w ith 
one equ iva len t o f  2 ,6 -d im ethy lpheny lisocyan ide in methanol was 
rap id  and led  to  the formation o f  the a p e c ie s  (3 .38 ) in  a o lu tio n . 
The 31P- (*H }n .m .r .  spectrum showed an AB pattern  which was 
assigned to  complex (3 .38 ) in  which the isocyan ide  had in s e r ted  
in to  one o f  the Pt-O bonds o f  the a lk o x id e .  The la rge  2 j< W  
coup lin g  constant in d ica tes  th a t c i s - tra n s  isom erisation  has 
occurred , [ « P A 11.4 p .p .m ., 1 J (P tP A> •  2554 Hz, 6 Pg -0 .5  p .p .m ., 
l J (P tP B) -  2378 Hz, 2J (PAPg ) -  330 Hz J.
(3 .38 )
Add ition  o f  two equ iva len ts  o f  2 ,6 -d im ethy lpheny lisocyan ide 
to  the b is -a lk oxo  ch e la te  complex (3 .2 6 ) le d  to  the form a tion  o f  a 
s in g le  spec ies  in  so lu t ion  which showed a s in g le t  resonance w ith 
195P t s a t e l l i t e s  in the 31P - ( l H )  n .a . r .  spectrum. The p roduct was 
assigned structu re (3 .39 ) in  which the isocyan ides  have In se rted  
in to  both o f  the P t-0  bonds. The observed  *J (P tP ) cou p lin g  constant 
i s  con sis ten t w ith phosphorus trans to  a lig a n d  o f  high tra n s - 
in flu en ce , [ « 3 lP -  4.8 p .p .a . , ' j i P t P )  «  1783 Hz).
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^ P P h ,
(3 . 39)
3 .5  DISCUSSION
The present work has shown th a t  the fu n c tio n a lis ed  phosphine 
PhgPCH^CHgCHgOH (3 .1 )  can be used t o  syn thesise  s ix  membered 
ch e la te  alkoxo platinum complexes wh ich are s im ila r  t o  the f i v e  
membered chela te  complexes286,287 in  th e ir  s t a b i l i t y  towards a ir  
and water. I t  would appear th a t Pt-OR bonds are not in h eren t ly  weak 
but th at the observed in s ta b i l i t y  o f  a lkoxo compounds is  due to 
k in e t ic  e f fe c t s  i . e .  f a c i l e  e-hydrogen  e lim in ation .
In  the chela te  complexes c o n ta in in g  the phosphine 
PhgPCHgCMegOH (3 .12 ) the absence o f  0-hydrogen atoms makes 
hydrogen e lim in ation  im possib le. However, the ch e la te  complexes 
con ta in in g  PhgPCHgCHgOH (3 .13 ) o r  Ph2PCH2CH2CH20H (3 .2 )  appear to  
have s im ila r  s t a b i l i t y  and do con ta in  0-hydrogens. I t  i s  the 
presence o f  the ch e la te  r in gs  which a r e  the s ta b i l is in g  fea tu re  in 
these complexes. By analogy to  m eta llacyc loa lkan es  the B-hydrogens 
in  the ch e la te  rings are o r ien ta ted  away from the m etal and thus 
the M-X-C-H ( *  •  0 o r  C ) d ihedra l a n g le  is  fa r  from th e optim al 0* 
requ ired  fo r  fa c i le  0-hydrogen e l im in a t io n .20
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The suppression o f  the B-hydrogen e lim in ation  rea c t ion  by 
inco rpora tion  o f  the Pt-O bonds in t o  ch e la tin g  r in g s  means th a t the 
chem istry and reaction s  in vo lv in g  P t -0  bonds can be more e a s i ly  
stud ied . Although the P t-0  bond i s  n o t weak, small molecules 
r e a d ily  in s e r t  in to  the P t-0  bond form in g  new complexes.
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CHAPTER FOUR
SYNTHESIS AND CHARACTERISATION OF ACETYLIDE COMPLEXES OF 
PLATINUM(II) OF THE TYPE M*2 [P t(C lC R )4 ]
4.1 INTRODUCTION
Tra n s ition  metal complexes c on ta in in g  a c e ty lid e  ligan ds  have 
been known fo r  over th ir t y  years  b u t have not been e x te n s iv e ly  
s tu d ied .305-320 The complexes a re  o fte n  decomposed by w ater, acids 
and a lk a l is  w ith formation o f  brown products.321 The an ion ic  
a c e ty l ides are o ften  p a r t ic u la r ly  r e a c t iv e  because o f  the stron g ly  
basic character o f  the a c e ty lid e  lig a n d s  and the an ion ic  nature o f  
the complex ions, causing these compounds to  be ex trem ely  s e n s it iv e  
to  pro to  l y s i s . 305 In the present work a s e r ie s  o f  p la t in u m (II )  
te tra a c e ty lid e s  [P t(C *C R )4 ]2- (R ■ Ph, Bu*, CC>2Me, COgEt) have been 
synthesised which have some s t a b i l i t y  towards a ir  and m oisture and 
have been character ised  by *H, 13C - i 1H) n .m .r. spectroscopy and 
in fra -red  spectroscopy.
c
II
(4 .1 a ) R -  Ph
c
1
(4 .1 b ) R -  But
R — C= C— P t - C = C — R 
|
(4 .1 c ) R •  CO^ Me
c
III




A ce ty lid e  ligan d s . RC=C- , are is o e le c tro n ic  w ith  cyanide 
ligan ds , N=C , and s t a b i l i s e  an ion ic  and/or low va le n t  metal 
complexes. One exp lan ation  o f  th is  property  i s  the d e lo c a lis a t io n  
o f  e le c tro n  density  from th e  metal to  the lig an d  i . e .  con tribu tion  
from canonical form B.
M— C = C -R      M =  C = C —R
A B
A ce ty lid e  and cyanide groups are s im ila r  in  th a t they both 
possess low ly in g  w* o r b i t a ls  o f  co r re c t symmetry f o r  d-w* back 
bonding. I f  d - *• back bonding d id  occur the M-C bonds would be 
expected to  have con s id e ra b le  double bond ch a racter  and 
consequently short M-C bond le n g th s . Although X-ray s tu d ies  have 
found no evidence fo r  M*C d ou b le  bond character in  neu tra l 
p la tin u m (II ) a c e ty l id e s ,3* 0 M olecu lar O rb ita l c a lc u la t io n s  and 
chemical s tud ies  are in  fa v o u r  o f  negative  charge accumulation on 
the 8-carbon o f  the a c e t y l id e . 322
Cyanide and a c e ty lid e  lig a n d s  are is o e le c tro n ic  and are both 
lin e a r  ligands a t the metal c e n t r e ,  th ere fo re  i t  may be expected 
th a t compounds con tain ing th e  two ligands w i l l  have s im ila r  
p ro p er tie s . Many a c e ty lid e s  a r e  s im ila r  in  form ula, c o lo u r  and 
magnetic p ro p ertie s  to  com plex cya n id es .305
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Compounds which c o n ta in  both cyanide and a c e ty lid e  ligands in
308the coord ina tion  sphere o f  the metal have been prepared. (e .g .  
eq . 4.1).
eq . 4.1
K2I Pt(C=N)4 ) ♦  2 K C = CR —  K 2lP t(C = N )2 (C = C R )2 )
♦  2KCEN
In view  o f  the s im i la r i t y  between a c e ty lid e  and cyanide 
ligands i t  was o f  in t e r e s t  to  study the chem ical and ph ys ica l 
p ro p ertie s  o f  [ Pt(C*CR>4 ] 2~ in  re la t io n  to  [P t(C N )4 ] 2 - which is  
known to  undergo p a r t ia l o x id a t io n  to g iv e  one dimensional metal 
chain323 complexes.
4 .1 .1  T e tra cy a n o P la tim ss (II ) Complexes
Severa l compounds c o n ta in in g  the d ianion [P t (C N )4] 2 - have 
been synthesised and s tu d ie d  by X-ray c ry s ta llo g ra p h y .324-329 In 
every  case the p la t in u m (I I )  tetracyano complex c r y s ta l l is e s  in to  
columnar stacks which c o n ta in  l in e a r  or approxim ately l in e a r ,  
in f in i t e  chains o f  e q u a lly  spaced platinum atoms (F ig .  4 . 1 ) . 330 In 
the s o lid  s ta te  such s ta c k in g  leads to e f f i c i e n t  packing.
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ri* . 4 . 1 . Chain o f  square p lanar [p t(C N )4 ]2- groups showing the 
overlapping P t d^1 o r b i t a ls .330
The complexes a s s o c ia te  through the vacant coo rd in a tion  s i t e  
by P t-P t d^* o verlap . The P t-P t  separation  dpt p t i s  s tr o n g ly  
in fluenced  by ca tion  s i z e ,  charge and degree o f  h yd ra tion . The
in trachain  separation  dp t_ p t changes from a minimum o f  
• •
approximately 3.09 A to  3 .7  A.
An example o f  th is  ty p e  o f  compound is  Ba [Pt(CN>4 ] .4Hp03?9 
which consiata o f  columnar stacks o f  [P t (C N )4J2~ ions w ith  dpt pt 
o f  3.23 (3 ) A. Adjacent g roups are staggered  with a to rs io n  angle
180.
o f  45°. The Pt atom ch a in s  are bound toge th er by a com bination o f  
Ba2* ions and w ater m olecule hydrogen bonded in te r a c t io n s .
The to rs ion  a n g le  between ad jacen t [P t (C N )^ ]2 ion s  have been 
found to  vary from 4 5 ° corresponding to  a staggered  con figu ra tio n  
to  a t o t a l ly  e c l ip s e d  con figu ra tio n  o f  0 °. G en era lly  compounds with 
short dp t pt have a  to rs io n  angle o f  45° which should m inim ise CN 
group repu ls ion  in t e r a c t io n s  w h ile those w ith a lon g  dpt _pt. have 
330ec lip s ed  c o n fig u ra t io n s .
In  very  con cen tra ted  aqueous s o lu t io n , s e l f  a s s o c ia t io n  o f  
[P t iC N )^ ]2”  occurs t o  g iv e  o ligom eric  spec ies  I P t ( CN) ^ ] which
can be detected  by ab sorp tion  and em iss ion .331
4 .1 .2  P a r t ia l ly  O x id is e d  Tetracyan op la tin a te  Complexes
D iva len t tetracyanop latinum  complexes upon p a r t ia l  ox id a tion  
g iv e  r is e  to  a n o v e l type o f  compound g en e ra lly  known as p a r t ia l ly
330ox id ised  te tra c ya n o p la t in a te  (POTCP) complexes. These complexes 
contain P t atoms w h ich  are  in  a non in te g r a l o x id a t io n  s ta te  and 
a lso  con ta in  columnar stacks o f  square planar te tra c ya n o p la t in a te  
groups but with a d ecreased  in trach ain  sepa ra tion  dp t_ pt o f  3.0 A 
or le s s .
The in t e r e s t in g  fea tu re  o f  these compounds i s  th e ir  h igh ly  
a n iso trop ic  p h ys ica l p ro p er tie s . POTCP complexes g e n e ra l ly  have 
b r i l l i a n t  m e ta ll ic  lu s t r e s  and are e x c e l le n t  one d im ensional 
m eta llic  conductors. Measurements o f  the e le c t r ic a l  c o n d u ct iv ity  
p a ra l le l  to  the P t ch a in  are o f  the o rd e r  o f  10* g r e a te r  than the
330con du ctiv ity  p e rp en d icu la r  to  the cha in  d ire c t io n .
Many o f  th e  p roperties  o f  POTCP can be exp la in ed  in  terms o f  
conduction e le c t ro n s  in a d e lo ca lis ed  energy band formed by the 
overlap  o f  Sd^* o rb ita ls .  In  K2 (P t(C N )4 ) the atoms in  the 
chain323,331-333 on c lose  approach o f  the platinum Sd^* band is  
fu l ly  occupied but under p a r t ia l  ox ida tion  a f r a c t io n  o f  the 
e le c tro n s  a re  removed from the h ighest le v e l  o f  the d^1 band 
reducing the avera ge  energy o f  the e le ctro n s  in  the band and 
forming a p a r t i a l l y  f i l l e d  conduction band (see  F ig . 4 .2 ) .
F ig . 4 .2 . The number o f  e le c tro n s  removed from the energy band is  
determ ined  by the degree o f  p a r t ia l o x id a tion .
As e le c t r o n s  are removed from the band the bonding in  the 
chain is  s tren gthened  resu lt in g  in  a decrease in  the P t-P t 
intrachain s ep a ra t ion s . Add ition  o f  n ega tiv e ly  charged p a r t ic le s  or 
removal o f  p o s i t i v e ly  charged p a r t ic le s  is  necessary to  preserve 
the e le c t r ic a l  n e u t ra lit y  o f  the la t t ic e .  This exp la in s  the 
formation o f  c a t io n  d e fic ie n t  s a lts  such as 7g [ Pt(CN>4] . xH2Op 
M -  L i ,  K, Rb, Ci 334,335 and the more common a n io n -d e fic ien t
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complexes such as K2[P t(C N )4 ]BrQ 3> 3H20 .336
Thus i t  i s  the presence o f  a p a r t ia l ly  occupied d ^  bond 
which leads  to  m e ta llic  conduction.
POTCP complexes con ta in in g a p a r t ia l ly  f i l l e d  band requ ire  
p a r t ia l  o x id a t io n  o f  a P t2+ s a l t  to  form a non in t e g r a l  ox id a tion  
s ta te  in  t h e i r  syn thesis . There are th ree methods in  which th is  may 
be ach ieved ; ( i )  mixing so lu tion s  o f  the ap p ro p ria te  P t2+ and P t4+ 
s a l t .  For exam ple, evaporation  o f  an aqueous s o lu t io n  con ta in in g  
the complex s a l t s  K2(P t(C N )4 J and Kg [ Pt(CN>4C l2] in  a m olar r a t io  
o f  5:1 g iv e s  need les  with a coppery sheen having the com position 
K2 [P t(C N )4 ]C l0 32* 2.6 H20 .337; ( i i )  by chem ical o x id a t io n  o f  the 
Pt s a l t ; 33® ( i i i )  by e le c t r o ly s is  using a dc v o lta g e  source and a 
p o ten tia l o f  0 .75  -  1 .5  v.339-341
4.2 AIKS AM) SCOPE OF PRESENT WORK
The fo u r  p la t in u m (II ) te tr a a c e ty lid e  complexes M'2 [Pt(C=CR)4 ] 
(4 .1a -d ) w ere syn thesised  and ch aracter ised  and th e e f f e c t  o f  the 
e le c t r o n e g a t iv i t y  o f  the R group on the s t a b i l i t y  o f  the complexes 
was in v e s t ig a te d .
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(4 .1 a ) M' * K*, R *  Ph
(4 .1b ) M' = K+ , R = But
(4 .1 c ) M' -  {N (PPh3) 2J * ,
(4 . Id ) M' -  IN (PPh3)g ] * ,
No c r y s t a l  s tru ctu res  o f  an ion ic  a c e ty lid e  complexes o f  the 
type above have been determ ined. The c ry s ta l  s tru ctu re  o f  
Kg[Pt(C=CPh ) 4 ] (4 .1 a ) was obta ined  to  determ ine whether columnar 
stacks o f  P t atoms would occur in  the s o l id  s ta te  as in  
Kg[P t(C N )4 J. I f  columnar stack ing  d id  occur, i t  would be o f  
in te r e s t  t o  determ ine whether the corresponding p a r t ia l l y  ox id ised  
t e t r a a c e ty l id e  platinum complex could be syn thesised .
The c r y s t a l  s tru ctu re  o f  Kg[Pt(C*CBut ) 4 ] (4 .1 b ) was a ls o  
obtained to  determ ine whether the presence o f  bulky groups would 
d isrup t columnar s tack in g  o f  the p la t in u m (II )  atoms s in ce  the 
bulkiness o f  th e  groups may lead  to  a P t-P t  separation  where 
e f fe c t i v e  o v e r la p  o f  the Sd^' o r b ita ls  cannot occur.
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The chem istry  o f  the compounds K^lPtiCSCPh)^] (4 .1 a ) and 
l<2 [pt(C=CBut  ) 4 ] (4 .1b ) in  s o lu t io n  was in v e s tig a ted  by 
e le ctro ch em ica l methods to  determine whether a p a r t ia l ly  o x id ised  
te t r a a c e ty l id e  platinum complex may be prepared.
4.3 SYNTHESIS OF COMPOUNDS OF THE TYPE M ’2 lPt(C5CR)4 ]
Metal a c e ty lid e s  o f  the type M'2( M(C2CR)4] (where M* *  L i* ,
K*, M «  N i2* ,  Pd2* , P t2* )  a re  usually  prepared by t r e a t in g  the 
th iocyanate o r  n it ra te  o f  the metal M w ith the a lk a li m etal M' 
a c e ty lid e  in  l iq u id  ammonia (e .g .  eq. 4 . 2 ) . ^ ®
eq . 4 .2
K j  C Pt ( SCN)4 J ♦ U K C=CR —  K2[ P t (C  = CR)4J ♦ 4 K SCN
In the present work the p la tin u m (II ) te tra a c e ty lid e s  (4 .1 a -d ) 
were syn thesised  by the method shown in  eq. 4 .3 .
e q .4 .3
4 8u Li ♦ 4 RC = CH IPICI2(SMej)j)
I P t I C S C R ) , ] 2
2 M* Cl
M j l  Pt I C=CR ). 1
(4 .1a ) M* 
(4 .1b ) M' 
(4 .1 c ) M* 
M’
K*, R -  Ph 
K*. R -  Bul  
[ N(PPh3) 2J *, R -  CO?Me 
[N (PPh3) 2J* R -  C02Et(4 . Id )
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The compounds were is o la t e d  as s o lid s  which were s ta b le  to  
a ir  and m oistu re fo r  short p e r io d s . To avo id  decomposition the 
compounds were s to red  in  vacuo over P20^. The compounds 
K2(P t(C iC P h )4 ] (4 .1 a ) and K2 [P t( CsCBu*^] (4 .1 b ) were so lu b le  in  
water o r  ch lo ro fo rm . Aqueous so lu tion s  o f  (4 .1 a ) and (4 .1 b ),  i f  
l e f t  f o r  s e v e r a l hours darkened and turned in to  th ick  c o l lo id a l  
g e ls .  To a vo id  decom position, the two compounds were r e c r y s ta l l is e d  
from w a te r  in  th e  presence o f  KOH. C rys ta ls  o f  hydrated 
K2(P t(C *C Ph )4 ] (4 .1 a ) were s ta b le  in  a i r  but those o f  hydrated 
K2 [Pt(C*CBut ) 4 J (4 .1b ) im m ediately lo s t  s o lv en t on exposure to  a i r  
and were th e r e fo r e  handled in  a w ater-saturated  atmosphere.
4.4 SPECTRAL CHARACTERISATION Or COMPOUNDS OF THE TYPE 
■2 [Pt(CsCH )4J
The *H n .m .r . spectra  o f  compounds (4 .1 a -d ) (d a ta  g iven  in  
Table 4 .1 ) show the presence o f  the expected  resonances a tt r ib u te d  
to  the R group and in  the sp ec tra  o f  compounds (4 .1 c ) and (4 . Id )  
the presence o f  a d d ition a l resonances due to  the c a tio n  f N iPP h g^J * ’ 
are observed. The resonances a re  sharp in d ica tin g  th a t no exchange 
o f  coord ina ted  and fre e  a c e ty len e  was occu rrin g  in  s o lu t io n .
The 13C- {XH ) n .m .r. sp ec tra  (data g iven  in  Table 4 .2 ) o f  
compounds (4 .1 a -d ) show a s in g le t  resonance w ith 195Pt s a t e l l i t e s  
fo r  the a-carbon  o f  the a c e ty l  id e  ligand .
The in fr a - r e d  spectra  o f  the compounds (4 .1 a -d ) (data  g iv en  
in  Table 4 .3 ) show the presence o f  a band in  the reg ion  2050- 
2100 cm 1 due t o  the s tr e tch in g  o f  the carbon carbon t r ip le  bonds 















































































bands due to  the s tre tch in g  o f  an 0-H bond in d ica tin g  th a t water is  
p resen t in  the s tru c tu re . Bands can a lso  be assigned to  the 
s tr e tch in g  o f  bonds in the fu n c tio n a l groups in  the R group o f  the 
a c e ty l id e  lig a n d  and in  the case o f  compounds (4 .1 c ) and (4 . I d ) ,  in  
the c a t io n  lig a n d .
4 .5  SOLUTION CHEMISTRY OF K^PtiCSCPtOj AM) PtiC^CBuSj
Pre lim in ary  experiments were c a rr ied  ou t to  in v e s t ig a te  the 
e le c tro ch em is try  o f  K2 [Pt(CsCPh4 ] (4 .1 a ) and K glP tiC sC B u *)^  (4 .1 b ) 
in  s o lu t io n  using c y c l ic  voltam m etry.
F ig . 4 .3  shows a ty p ic a l c y c l i c  voltammagram a t a P t 
e le c t ro d e  fo r  K2 [Pt(CsCPh)4 J (4 .1a ) (0 .2  mmol) and tr ie th y la m in o - 
te tra flu o ro b o ra te  ( TEATFB) (0 .1  M) in  a c e t o n it r i le .  In  a l l  cases a 
s in g le  ox id a tion  wave was observed [ Ep,a = 0.64 V vs satu rated  
calom el e le c t ro d e  (S .C .E .)], w ith  no corresponding redu ction  wave. 
P lo ts  o f  ip ,a  a g a in s t /v were l in e a r  in d ica tin g  th a t the spec ies  
f r e e l y  d i f fu s in g  in  so lu t ion  were be in g  ox id ised . Presumably the 
product o f  the o x id a t io n  o f  the [ Pt(C=CPh)4 ] 2"  is  unstable in  th is  
s o lu t io n  and i s  l o s t  by rap id  f o l lo w  up rea c t io n .
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F ig . 4 .3 . C yc lic  Voi tammogram o f  [Pt(C=CPh)4 J in  a c e to n it r i le ,  
0 .1  noi dm“ 3 TEATFB. Scan ra te  100 mV a” 1, va S.C.E. 
using a platinum w orking e lectrode .
The e lectroch em is try  o f  [PtiCSCPhjJ (0 .2  mmol) was a lso  
in v e s tig a ted  in  aqueous s o lu t io n  con tain ing 0.1 M KC1. In th is  case 
(F ig .  4. 4 ) ,  an in su la tin g  'g o ld ' fi lm  forms on the f i r s t  anodic 
c y c le  which b locks fu rther o x id a t io n  o f  the platinum complex. 
In te g ra t io n  o f  the to ta l  charge possessed in form ing the fi lm  
in d ica tes  th a t o f  the order o f  IO-10  mol cm” 2 o f  m ateria l are 
invo lved  (assuming n ■ 1 ).  Attem pts to  overcome th is  problem by the 
use o f  0.1 M KCN as the background e le c t ro ly te  were unsuccessful as
i t  gi i t i a l l y  id e n t ic a l r e s u lt s .
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r i g .  4 .4 . C yc lic  voltammogram o f  [PtiCHCPh)^] in  water,
0 .1  mol dm-3  KC1. Scan ra te  100 mV a- 1 , va S.C.E. 
Formation o f  an in a u la tin g  go ld  f i lm  (2 )  preventa 
fu rth e r  o x id a tion .
C yc lic  voltammetry o f  K? [Pt(CiCBut ) 4J (4 .1 b ) (0 .2  mmol) in  
aqueous 0.1 M KC1 (F ig .  4 .5 ) shows a s in g le  anodic peak a t  1.11 V 
vs S .C .E . w ith  no evidence fo r  any reverse  peak, again in d ica tin g  
th a t the ox id ised  compound is  unstable under these con d it ion s . 
P lo ts  o f  ipa  aga ina t / v  were aga in  l in e a r  as expected fo r  a
so lu t io n  redox couple.
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rift. 4 .5 . C yc lic  vo 1 tam ogram  o f  K?[ Pt(CsCBut >4 J in  w ater,
0.1 mol dm-3  KC1. Scan ra te  100 mV a- 1 , vs S.C .E.
A problem encountered in  the above experim ents was the
2+ 4+
in s t a b i l i t y  in  s o lu t io n  o f  the P t sp ec ies  and the o x id ised  Pt
s p ec ie s .  As the e le c tro ch em is try  was be ing c a rr ied  ou t, the
so lu t io n s  o f  (4 .1 a ) and (4 .1 b ) in  aqueous 0 .1  M KC1 turned brown
o v e r  a period o f  15 min. However the experim ents c le a r ly  show th a t
both  K2 [Pt(C*CPh)4 ] (4 .1 a ) and K2 [Pt(CsCBut >4 ] (4 .1 b ) can be
o x id is e d  in s o lu t io n . I t  may th ere fo re  be p o s s ib le  to  produce
p a r t i a l l y  ox id ised  complexes o f  K2 [P t(C iC P h )4 ] (4 .1 a ) and
K2 [P t(C  >CBut ) 4 ] (4 .1 b ) i f  the c o r re c t  medium can be found.
P a r t ia l ly  o x id ised  tetracyanoplatinum  complexes can be 
syn thesised  by m ixing s o lu t io n s  o f  the app rop ria te  P t^* and Pt4* 
s a l t s .  An understanding o f  the so lu t ion  behaviour o f  [P t(C N>4 ] 2 ~ ,  
[P t (C H )4x2 l2 and K2 (p t (C N )4 J X^ ^ may shed l ig h t  on the chain 
form ation  and c r y s t a l l i s a t io n  mechanisms.
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F ig . 4 .6. View o f  m olecule o f  [ PtiCsCBu*’ )^ ]^ ”  showing the atomic 
numbering.
F ig . 4 .7. View o f  m olecules o f  K? [ Pt(C*CBut )4 ] in  u n it c e l l  
showing water o f  c r y s ta l l is a t io n .
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T a b le  4 .4 .  Se lec ted  bond d is tan ces  (A ) and 
K2 [Pt(C iBu t ) 4 J.
Bond d istances (A )
P t - C ( l l )
P t—C (21)
C ( l l ) - C (12)
C (12 )-C (13 )
C (1 3 )-C (14)
C (1 3 )-C (15)
C (13 )-C (16 )
C (21 )-C (22 )
C (2 2 )-C (23)
C (2 3 )-C (24)
C (23 )—C (25)
C (23 )-C (26)
K (1)-0 (6 )
K (1 )—0 (7 )
K ( l ) - 0 (1 1 )
Bond angles ( * )
C (11)-P t -C (21) 
C (2 1 )- P t -C (l la )  
C ( l l ) - P t - C ( l l a )  
P t-C (11)-C (12)
C ( 11) - C ( 12 )—C ( 13)  
C (12)—C (13)—C (14) 
C (12 )—C (13 )-C (1 5 ) 
C (1 2 )-C (1 3 )-C (1 6 ) 
C (1 4 )-C (1 3 )-C (1 5 ) 
C (14 )-C (1 3 )—C (16 ) 
C (15 )-C (1 3 )-C (1 6 ) 
P t-C (21 )-C (22 ) 
C ( 2 1  ) - C ( 2 2 ) - C ( 2 3 )  
C (22 )-C (2 3 )-C (2 4 ) 
C (2 2 )-C (2 3 )-C (2 5 ) 
C (2 2 )-C (2 3 )-C (2 6 )
bond an gles  ( * )  f o r
2.014 (10 ) 
2.021 (13 ) 
1.221 (14 ) 
1.499 (15) 
1.511 (22) 
1.565 (19 ) 




1.547 (50 ) 
1.527 (59 ) 
2.832 (12 ) 
2.891 (10 ) 
2 .8 6 8  ( 1 1 )
90.9 (5 ) 
89.1 (5 )  
180.0
176.8 (11)













F i* .  4 .8 . Two views a ) and b ) showing the stack ing  o f  the
[ P t(C iCPh )4 f ~ groups in to  chains in  the u n it c e l l .
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4 . 6  X-RAY CRYSTAL STRUCTURE OF K2 [P t(C = C B u t )4 J
S elected  bond len gth s  and angles (w ith  numbering scheme shown 
in  F ig . 4 .6 ) are l i s t e d  in  Table 4 .4 .
The c ry s ta l  s tru c tu re  o f  one h a lf  o f  the molecule was 
determined and the o th e r  h a lf  generated by symmetry.
In the [P tiC sC B u ^ ^ ]2 d ianion the square planar geometry 
around the platinum atom is  s l i g h t ly  d is to r te d , su b ject to  the 
I  symmetry.
Both the independent Pt-C=C-C linkages d ev ia te  s l i g h t ly  from 
l in e a r i t y .  The P t - C ( l l ) - C (1 2 )  bond angle is  176.8 (1 1 )# and the 
C ( l l ) -C (1 2 )—C (13 ) bond angle i s  177.2 (1 3 )° .  The P t-C (21 )-C (22 ) 
bond angle i s  17.78 (1 0 )°  and C (21 )-C (22 )-C (23 ) bond angle i s  176.4 
( 1 3 ) * .
The la rge  therm al parameters o f  the methyl groups o f  the 
te r t -b u ty l groups p robab ly  r is e  from a combination o f  dynamic 
movement and s t a t ic  d is o rd e r . Two p os it io n s  were observed fo r  each 
methyl carbon atom o f  one te r t -b u ty l group, w h ile the oth er was 
ra th e r  b e tte r  o rdered .
A very  s u rp r is in g  fea tu re  o f  the c ry s ta l stru ctu re was the 
number o f  water m olecu les present in  the c ry s ta l (F ig .  4 .7 ) .  The 
number o f  28 water m olecu les per KglP tiC aC Bu *^ ] un it is  a very 
h igh  degree o f  h yd ra tion .
I t  can be seen from F ig . 4 .7  th a t stack ing o f  the 
[ Pt(C=CBut ) 4 J2 groups in to  in f in i t e  chains does not occur. I t  i s  
presumed that the bu lky te r t-b u ty l groups prevent th is  from 
occu rrin g. The r e s u lt in g  separation  between two Pt atoms is
11.98 A.
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4.7. X-RAY CRYSTAL STRUCTURE OF Kg(Pt(C=CPh)4 J
The c ry s ta l  s tru c tu re  determ ination  o f  Kg[Pt(C=CPh)4 ] is  
b e in g  solved  by Dr. N. A lcock and req u ires  fu r th e r  refinem ent and 
th ere fo re  s e le c te d  bond lengths and angles a re  not included in  the 
p resen t work. However the gen era l in fo rm ation  obta ined  about th e 
c ry s ta l  s tru ctu re  o f  Kg [Pt(C=CPh>4 ] i s  d iscussed here in  o rder to  
compare w ith Kg[Pt(C*CBut ) 4 ].
In the [P t(C *C Ph )4 ] d ianion the square p lanar geometry around 
the platinum atom i s  s l i g h t ly  d is to r te d .  An in te r e s t in g  fea tu re  i s  
th a t stack ing o f  th e [ Pt(C£CPh)4 ] groups in to  in f in i t e  chains does 
occur (F ig .  4 .8 ) w ith  e c l ip s in g  o f  the a c e ty lid e  groups. The 
in trach a in  sepa ra tion  between two P t atoms is  4.80 and 5.05 A 
(a lt e r n a t e ) .  The K c a tio n s  and water m olecules occupy the space 
between the chains.
4.8 DISCUSSION
The X-ray c r y s ta l  s tru ctu re  o f  Kg( P t(C iC Ph )4 ] (4 .1a ) and th e 
p re lim in ary  e le c tro ch em is try  experiments in d ica te  th a t ox id a tion  o f  
Kg f >t (C ^ P h )4 ] (4 .1 a ) i s  p oss ib le  and the [Pt(C=CPh)4 ]^~ groups do 
s tack  in cha ins. I t  may th e re fo re , be p o s s ib le  to  ob ta in  p a r t ia l l y  
o x id ised  t e t r a a c e ty l id e  complexes by one o f  the methods o u tlin ed  in  
S ection  4 .1 .2 . The bu lky  te r t-b u ty l groups o f  the a c e ty lid e  lig a n d  
in  Kg[Pt(C=CBut ) 4 ] (4 .1 b ) would appear to  prevent p a r t ia l  o x id a tio n  
occurrin g  w ith  con cu rren t chain form ation .
I t  may be p o s s ib le  to  sys tem a tic a lly  change the a c e ty lid e  
lig a n d  ~(CiCR) by v a ry in g  R to  tune the p ro p er tie s  o f  M’ g [P t (C iC R )4] 
so that one-dim ensional systems can be obta ined  w ith perhaps
d i f fe r in g  p ro p e r t ie s .
By m ixing s o lu t io n s  o f  the d iv a len t te t r a a c e ty l id e  p latinum  
complexes w ith  th e te t r a v a le n t  tetracyanoplatinum  complex o r  
v ic e -v e r sa , a p a r t i a l l y  ox id ised  platinum complex con ta in in g  both 
[P t(C N )4 Jx'f  and [ Pt(C=CR)4 ] X+ groups may be syn thesised  (e . g .  4 .2 ).
F in a l ly ,  p a r t i a l l y  ox id ised  platinum complexes in  which the 
groups in  th e cha in  con ta in  both a c e ty lid e  and cyano ligands in  the 





In  gen era l, r ea c t io n s  were c a rr ied  out under an in e r t
atmosphere o f  argon o r  n itro gen  using standard techniques fo r
handling a ir - s e n s i t iv e  compounds. So lven ts  were p u r i f ie d  by
d i s t i l l a t i o n  from sodium-benzephenone ( tetrahydro fu ran ,
d ie th y le th e r ) o r  calcium  hydride (benzene, dichloromethane,
methanol) .  Chemicals used in  the course o f  the p resen t work were
e ith e r  obta ined  com m ercia lly  and used w ithout fu r th e r  p u r i f ic a t io n
unless otherw ise s ta te d , o r  syn thesised  by l i t e r a tu r e  methods. Rare
metal compounds were ob ta ined  from Johnson Matthey PLC.
1H n .m .r. sp ec tra  were recorded a t e ith e r  220 MHz using a
Perkin-E lm er R34 sp ectrom eter, 90 MHz using a Bruker WH90
Spectrom eter or 400 MHz using a Bruker WH400) spectrom eter.
Chemical s h i f t s  ( in  CDC13, DgO, methanol-d^ o r  benzene-dg) a re  to
high frequency o f  te tra m eth y ls ila n e  ( in te rn a l stan dard ). l H - {31 P )
n .m .r. sp ec tra  were recorded  a t 400 MHz on a Bruker WH400
spectrom eter a t Edinburgh U n ive rs ity  by Dr. S a d ler.
31P - (1H) n .m .r. sp ec tra  were recorded  a t  e ith e r  36.4 H )z
using a Bruker WH90 spectrom eter o r  a t 162.0 using a Bruker
WH400 spectrom eter. 31P n .m .r. s h i f t s  ( in  CDC1_, methanol-d. o r
3 4
benzene- dfi) are to  h igh  frequency o f  85% HgP04 (e x te rn a l 
s tan da rd ).
195 1P t - { H ) n .m .r. spectra  were recorded a t  85.6 MHz using a 
Bruker WH400 spectrom eter.
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13C - {1H) n .a .r .  sp ec tra  were recorded a t  100.6 MHz on a 
Bruker WH400 spectrom eter. Chemical s h i f t s  ( in  CDC13 o r  CD gC lj) are 
to  h igh frequency o f  te tram eth y ls ila n e .
In fra -re d  spectra were recorded on a Perkin-E lm er 580B 
spectrom eter (4000-200 ca * )  as Nujol mulls on cesium iod id e  p la te s  
o r  as potassium bromide d is cs .
Mass spectra  were recorded  using a Kratos MS80 instrum ent.
Elemental analyses were ca rr ied  out by Butterworth 
Labora to ries  L td ., Teddington, M iddlesex, U.K.
1 .2 .1  PREPARATION OF PLATINACYCLOHEXANES AM) 9, lO-DIHYDRO-9- 
PLATINAANTHRACENES
Prepara tion  o f  1 ,5 -D ilith io p en ta n e . -  This was made according to  
th e method o f  W h itesides e t  a l . 2°  in  83% y ie ld  ( L i t .  85%). The 
con cen tra tion  o f  the lith iu m  reagent was determ ined by a 
m od ifica tion  o f  Gilmans double t i t r a t io n  method.275
P reparation  I  o f  [ ( P P h j J ^ i H j i j l .  -  1 ,5 -D ilith iop en tan e  (2 .2  cm* , 
0 .89 M in  d ie th y le th e r ,  1.96 mmol) was added dropwise over 15 min 
to  a s t i r r e d  suspension o f  [ P tC l2(SMe2 ) 2 ] (0 .50  g , 1.28 mmol) in  
d ie th y le th e r  (40  cm* ) coo led  to  -45 *C. The rea c t ion  m ixture was 
then s t ir r e d  f o r  1 h and allow ed to  warm to  0 #C. A so lu t ion  o f  
PPhj (0 .6 7  g ,  2 .56 mmol) in  d ie th y le th e r  (5  cm* ) was added to  the 
m ixture a f t e r  c o o lin g  i t  to  -45 ° C .  The r ea c t io n  m ixture was then 
s t i r r e d  f o r  24 h and a llow ed to  warm up to  ambient temperature. 
Methanol (10 cm* ) was added to  the ye llo w  m ixture and the volume 
reduced to  10 cm* by evaporation  under reduced pressure. The o f f  
wh ite s o l id  product was then f i l t e r e d  o f f  and washed w ith methanol 
(20  cm*) and d ie th y le th e r  (30 cm* ) .  The product was r e c r y s ta l l is e d  
by d is s o lv in g  in  dichloromethane (15 cm’  ) and adding ethanol 
(10 cm* ) .  The s o lu t io n  was heated on a steam bath u n t il the 
appearance o f  c r y s ta ls .  The so lu t ion  was then coo led  s low ly  to  0 *C 
and then to  -20 *C. The white c r y s ta l l in e  product was f i l t e r e d  o f f ,  
washed w ith  ethanol (10 cm* ) and d ie th y le th e r  (20 cm* ) and d ried  
in  vacuo over P2° 5 ' 0.74 g ,  73%.
*^C-(*H  )n . a . r .  data fo r  phosphine ligand  resonances g iven  in 
Table E .2 .1 .1 .
203.
Prepara tion  o f  1 ,5-b is(b roaoaagnesi urn) pentane
This was prepared fro a  1 ,5-dibromopentane accord ing to  the 
method o f  W hitesides e t  a l . 20 in  90» y ie ld .
P repara tion  I I  o f  ((PH »3) 2Pt(CH2) 5 J. -  l,5-Bia(bromomagneaiia.) 
pentane (4 .0  cm*, 0.45 M in  a m ixture o f  d ie th y le th e r  and 
tetrahyd ro fu ran , 1.8 mmol) was added dropwlse over 15 min to  a 
s t i r r e d  suspension o f  [ P tC l2<l.5-COD) J (0 .374 g ,  1 .0  iwnol) in  
d ie th y le th e r  (50  cm*) and tetrahydro furan  (30 cm*) coo led  to 
-50  #C. The m ixture was s t i r r e d  fo r  1 h and allow ed to  warm to 
0 *C. A s o lu t io n  o f  PPh3 (0 .524 g , 2 .0  mmol) in  d ie th y le th e r  (5 
cm* ) was then added to  the c le a r  so lu tion  a f t e r  again c o o lin g  i t  to  
-50 *C. The m ixture was then s t i r r e d  fo r  16 h and allowed to  warm 
to  ambient temperature. Ethanol (10 cm*) was added and the volume 
reduced to  10 cm* by evaporation  under reduced pressure. The 
o f f-w h ite  s o l id  product was f i l t e r e d  o f f .  R e cy rs ta lis a tio n  from 
dichloromethane/ ethanol 3:2 v/v gave a white c r y s ta l l in e  s o lid .
Y ie ld  0.61 g ,  75».
P reparation  of I(P»«lle2P )2Pt(CH2 ) 5 J. -  This was made according to 
the method o f  W hitesides e t  a l . 20 in  10» y ie ld .  R e c ry s ta ll is a t io n  
from dichloromethane/methanol 1 : 2  v/v gave ye llo w  brown iregu la r  
p la te  c r y s ta ls  su ita b le  fo r  X -ray c ry s ta l stru ctu re determ ination.
C - ( H ln .m .r. data fo r  phosphine ligand resonances are g iven  in Table
E .2 .1 .1 .
204,
P repara tion  o f  1 ,5-Dibromo-3-methyl pentane. -  This was prepared 
using an adaptation o f  the method o f  Johnson e t  a l . 267
Cone, su lphuric a c id  (200 g )  was added w ith  care  to  a 
s t i r r e d  s o lu t io n  o f  3 -m e th y l- l, 5-pen taned io l (118.0  g , 1 .0  mol) and 
48X hydrobromic a c id  (600 g ,  3 .5  m o l). The m ixture was then heated 
under r e f lu x  fo r  3 h. The m ixture was l e f t  to  c o o l and then the two 
r e s u lt in g  la ye rs  separated . The aqueous la y e r  was e x tra c ted  with 
dichlorom ethane (3  x 200 cm* ) .  The combined organ ic  la y e r  and 
washings were d ried  ove r  calcium  c h lo r id e  and f i l t e r e d .  The so lven t 
was removed under reduced p ressu re. D is t i l la t io n  under reduced 
pressure gave the c o lo u r le s s  l iq u id  product. Y ie ld  162.2 g , 68% 
[b .p .  106°C, 12 mm Hg;
XH n .m .r. (CDC13, 220 MHz); «0 .9 2  (3H, d, J-6 H z ), 1 .5 -2 .0  (5H, 
m), 3.44 (4H, a ) p .p .m .]
P rep a ra tion  o f  1 .5 -O i l l th io —3 me th ylpen tane. -  Th is was prepared a t  
-45 °C using a s im ila r  procedure to  1 ,5 -d ilith io p en ta n e  in  60% 
y ie ld .
P repara tion  o f  1 .5-bis(brom om agneaiua)-3-m ethylpentane. -  This was 
prepared using a s im ila r  procedure to  1 ,5-bis(bromomagnesium) 
pentane in  83% y ie ld .
P rep a ra tion  o f  [ ( PPh3 ) 2P t ( CH2CH2CH( CH3) ) ]  . -  This was 
prepared using s im ila r  procedures ( I  and I I )  to  I t P P h ^ p 't T S H ^  . 
Both methods gave a wh ite a i r  s ta b le  which was r e c r y s ta l l is e d  from 
dichlorom ethane/ethanol 3 :2  v/v . Procedure I  using 1 .5 -d il ith io
205.
-3-methylpentane gave a s l i g h t ly  h igher y ie ld .  Y ie ld  using 
procedure I  0.75 g ,  73% and using procedure I I  0 .63 g , 65%.
13C - h i n . , . r .  data fo r  phosphine ligan d  resonances g iven  in  
Table E .2 .1 .1 .
P repara tion  o f  D ie th y l-  0 .0 -d ia e th y lg lu ta ra te . -  Th is was made using 
an adap tation  o f  M ico v ic 's  method268 to  e s t e r i f y  a d ip ic  a c id .
A mixture o f  0 , 8 -d im e th y lg lu ta r ic  ac id  (100 g , 0.625 m ol), 
e thanol (225 cm* , 1.875 m ol) to luene (112.5 cm* ) and cone, 
su lphu ric  ac id  (0 .5  cm* ) were p laced in  a 1000 cm* f la s k . The 
m ixture was then heated to  a temperature o f  78 °C a t  which the 
a ze o tro p ic  mixture o f  e th a n o l, to luene and water d i s t i l l e d .  The 
d i s t i l l a t e  was c o l le c te d  o v e r  anhydrous K2S° 3  *94 ^  30,1 f i l t er « d- 
The d i s t i l l a t e  was then retu rn ed  to  the fla sk  and the azeo trop ic  
m ixture again d i s t i l l e d  a t  78 8C. The residue was l e f t  to  coo l and 
then d i s t i l l e d  under reduced pressure to  g iv e  the co lo u rle s s  l iq u id  
p roduct. Y ie ld  118 g , 88%.
[b .p . 64 °C, 0 .3  mm Hg;
XH n .m .r . (CDC13. 220 Hiz); «1 .1 4  (6H, s ) ,  1.26 (6H, t ,  J-7 Hz), 
2.42 (4H, s ) ,  4.12 (4H, t ,  J -7  Hz) p .p.m . ]
P repara tion  o f  3 ,3 -D ia e th y l- l , 5 -p en tan ed io l. -  Th is was made using 
the method o f  Wheeler e t  a l . 269 D ie th y l- 0, B '-d im ethylgurate (81.6
g ,  0 .37 m ol) in  d ie th y le th e r  (80 cm*) was added dropwise to  a 
v ig o ro u s ly  s t ir r e d  suspension o f  lith iu m  aluminium hydride (20 .0  g , 
0 .53 m ol) in  d ie th y le th e r  (750 cm *). Complete a d d it io n  requ ired  2
h. The m ixture was then s t i r r e d  fo r  a fu rth e r  2 h. Water (20 cm*).
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15% sodium hydroxide (20 cm1) and water (60 cm* ) were then added 
su ccess ive ly , and the inorgan ic  s o l id  f i l t e r e d  o f f  and washed with 
d ie th y le th e r  (2  x 100 cm* ) .  The combined washings and f i l t r a t e  were 
evaporated to  dryness under reduced pressure to  y ie ld  the co lo u rle s s  
l iq u id  product. Y ie ld  43.5 g , 88%.
[ 1H n .a .r .  (CDC13,220 MHz ) ;  <0.94 (6H, s ) ,  1.56 (4H, t ,  J=8 H z),
3.48 ( 2H, br s ) ,  3.69 (4H, t ,  J=8 Hz) p .p .m .].
P reparation  o f  l,5 -O ibrom o-3 ,3-d iaethy lpen tane. -  This was prepared 
using a s im ila r  procedure to  1,S-dibromo-3-methylpentane. 
D is t i l la t io n  under reduced pressure gave a co lo u rle s s  l iq u id .  Y ie ld  
53 g ,  83%.
( b .p . 60 *C, 0.6 mm Hg;
M n .a .r .  (CDClg, 400 MHz); < 0.96 (6H, s ) ,  1.84 (4H, AA'MM' spin 
system, |J(AM) ♦ J(AM ')| -  17.2 H z), 3.35 (4H, AA' MM' spin system,
|J( AM) ♦ J ( AM' ) |♦ 17.2 Hz) p .p .m .].
Preparation o f  1 ,5 -D ilith io -3 ,3 -d im eth ylp en ta n e . -  This was 
prepared a t -40#C using a s im ila r  procedure to  1 ,5 -d ilith iop en ta n e  
in  41% y ie ld .
P reparation  o f  1 .5-bia(bromnmagneaium)-3.3-dime thylpentane. -  This
was prepared using a similar procedure to 1,5-bis(bromomagnesium) 
pentane in 75% yield.
207.
Preparation o f  [ (P F h ^ lM c ^ C H ^ C H ^ C I^ C H ^ ].  -  This was prepared
using s im ila r  procedures ( I  and I I )  to  [(P P h ^ gP ’tT S H ^ g ]. Both 
methods gave a w h ite  a i r  s ta b le  s o l id  which was r e c r y s ta l l is e d  from 
dichlorom ethane/ethanol 3 :2  v/v . Procedure I I  us ing 1 ,5-b is(brom o- 
magnesium)-3,3—dim ethylpentane gave a h igher y ie ld .  The y ie ld  using 
procedure I  0 .25  g , 49% and using procedure I I  0 .58 g ,  71%.
data f o r  phosphine ligan d  resonances g iven  in
Tab le  E .2 .1 .1 . .
P r e p a r a t io n  o f  [ ( P h l l e ^ ^ P t C C ^ C H g C iC H ^ a ^ C H ^ l .  -  This was
prepared in  a s im ila r  manner to  [(PPh3 ) 2Pt(CH2 )^  using procedure 
I I  in  10% y ie ld ,  R e c r y s ta l l is a t io n  from dichlormethane/methanol 
1 :2  v/v gave y e l lo w  c r y s ta ls  su ita b le  fo r  X -ray s tructu re 
determ ination .
Preparation o f  Diaethjrlglutarafco-2,2 ,4 ,4— . -  Th is was prepared 
accord ing  to  th e method o f  Lambert e t  a l . 231 A m ixture o f  
d im e th y lg lu ta ra te  (36 .8  g ,  0 .23 m o l), methanol-d1 (36 .2  g ,  1.09 
m ol) and 5% sodium methoxide was allow ed  to  s t i r  f o r  4 d. The 
methanol was then reduced under vacuo and fre sh  methanol-dj^
(3 6 .2  g ,  1.09 m ol) was added. A f te r  f i v e  such success ive  
treatm ents, ca 95% o f  th e a protons had been exchanged fo r  
deuterium, as determ ined by n .m .r. spectroscopy . The r es u lt in g  
m ixture was d i s t i l l e d  under reduced pressure to  g iv e  the c o lo u rless  
l iq u id  product. Y ie ld  18.2 g ,  43%.
[b .p .  65 °C, 2 mm Hg;
m  n i  m
■ • J  ? • ?
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*H n.m .r. (CDC13, 220 MHz); «1 .9 6  (2H, ■ ) ,  2.39 (res id u a l 
protons, m), 3.68 (6H, s )  p .p .m .; 
mass spec (C l )  m/z; 165 [ ( M+H) . ]
P r e p a r a t io n  o f  1 ,5 - P e n ta n e d io l—2 ,2 ,4 , 4 -d ^ .  -  This was prepared in  a 
s im ila r  manner to  3 ,3 -d im e th y l- l, 5 -pentanediol to  g iv e  a co lo u rless  
l iq u id .  Y ie ld  60 g ,  75%.
[*H n.m .r. (CDClg, 220 MHz); «1 .4 9  (2H, s ) ,  1.84 (res id u a l 
protons, m), 3.68 (4H, s ) ,  4.81 (2H, b r s ) ,  p .p .m .].
P r e p a r a t io n  o f  l , 5 - D ib r o a o p e n ta n e - 2 ,2 ,4 ,4 - d 4 . -  This was prepared 
in  a s im ila r  manner to  1 ,5 -d ibrom o-3 ,3—dimethylpentane to  g iv e  a 
c o lo u rless  l iq u id .  Y ie ld  5 .0  g ,  40%.
[b .p . 69 °C, 2 mm Hg;
LH n.m .r. (CDC13> 220 M lz );  1 .58  (2H ♦ res idu a l p rotons, a ) ,  3.42 
(4H, s )  p .p .m .;
mass spec (E l )  m/z;236 , 234 , 232 (1 :2 :1 ) [  M*' ] .  ]
T a b le  E .2 .1 .2 . Elemental an a lyses8
Compound C H
[(PPh3) 2PtT3H2 ) 5 ] 61.97 (62.35 ) 5.21 (5 .10 )
[ I P « .2PM 2Ît7 ÎH 2) 5 l 45.87 (46.57 ) 6.01 (5 .96 )
[(PPh3) 2Pt(CH2CH2aCH^CH2dH2 ) ] 62.95 (62.96 ) 5.33 (5 .27 )
[( pph3 ) 2Pt ( ch2ch2c ( CH3 ) 2ch2ch2 1 -] 61.52 (63.15 ) 5.73 (5 .42 )
[( PPh3 ) 2Pt ( ¿H2CD2CH2CD2dH2 )]. H20 60.75 (60.66 ) 4.98 (4 .71 )
C alcu lated  values are g iven  in  parentheses.
210.
P reparation  o f  l ,5 -b iB (b ro «o a a g n e s iu a )-2 ,2 ,4 ,4-d4~pentane. -  This 
was prepared using a s im ila r  procedure to  l,5-bis(bromomagnesium) 
pentane in  90* y ie ld .
P reparation  o f  [(PPh3) 2Pt(CH^CD~CH^CT^H2 ) J -  A s o lu t io n  o f  1 ,5 -b is  
(bromomagnesium )-2,2,4,4-d4-pentane (5  cm* , 0 .45 M in  THF, 2.25 
mmol) was added dropwise ove r  15 min to  a s t ir r e d  suspension o f  
[ P tC l2(1 ,5-C O D )] (0 .374 g , 1 .0  mmol) in  d ie th y le th e r  (25 cm*) and 
tetrahydro fu ran  (15 cm* ) c o o led  to  -50 °C. The r ea c t io n  m ixture was 
then a llow ed  to  warm s lo w ly  o v e r  30 min to  0 °C to  g iv e  a pa le  
y e llo w  s o lu t io n . The s o lu t io n  was then coo led  to  -50  °C and a 
s o lu t io n  o f  PPh3 (0 .524 g , 2 .0  mmol) in  d ie th y le th e r  (5  cm* ) was 
added dropwise over 5 min. The s o lu t io n  was then a llow ed  to  warm to  
ambient temperature o ve r  45 min. Ethanol (10 cm* ) was then added 
and the volume reduced to  10 cm* under reduced p ressu re. The o f f  
wh ite s o l id  product was then f i l t e r e d  o f f ,  washed w ith  ethanol 
(10 cm* ) and d ie th y le th e r  (10  cm* ) and d ried . The product was 
r e c r y s ta l l is e d  by d is s o lv in g  in  dichloromethane (20 cm* ) and 
ethanol (10  cm’ ) and th is  s o lu t io n  heated on a steam bath u n t i l  the 
appearance o f  white c r y s ta ls .  The s o lu t io n  was then coo led  s low ly  
to  room temperature and then t o  -20  °C. The white c r y s ta l l in e  
product was f i l t e r e d  o f f ,  washed w ith  ethanol (10 cm* ) and 
d ie th y le th e r  (10 cm* ) and d r ie d  in  vacuo over PgOg. Y ie ld  0.79 g , 
87*.
data fo r  phosphine ligan d  resonances g iven  in
Table E .2 .1 .1
Prepara tion  o f  2 ,2 -D ich lorod iph en y lae th an ol. -  Th is was made 
accord ing  to  the method o f  H a lle r  e t  a l . 342
A so lu t ion  o f  o-chlorophenylmagnesium bromide (190 cm* , 1.4 
M in  d ie th y le th e r , 0.27 m ol) was added dropwise to  a v igo rou s ly  
s t ir r e d  so lu t ion  o f  2 -ch lorobenzaldehyde (37 .4  g , 0 .27 mol) in 
d ie th y le th e r  (120 cm *), o ve r  a p eriod  o f  1 h. The m ixture was then 
heated under r e f lu x  fo r  a fu r th e r  2 h. D ilu te  hydroch lor ic  ac id  
was then added w ith  care  to  th e  rea ction  mixture o v e r  a period  o f  
1 h. The rea c t ion  m ixture was then l e f t  to  coo l and the two 
r e s u lt in g  la ye rs  l e f t  t o  s e t t l e  ou t. The organ ic la y e r  was then 
separated  and d ried  over MgSO^ and f i l t e r e d .  The so lven t was then 
removed under reduced pressure to  g iv e  the crude orange o i l  
product. D is t i l la t io n  under reduced pressure gave the y e llow  o i l  
product. Y ie ld  53.1 g , 77%.
[b .p . 140 #C, 0.1 mm Hg;
XH n .m .r . (CDC13> 220 MHz); 6 2 .72 (1H, br ■ ) ,  6 .56 (1H, s ) ,  
7 .25-7 .64  (8H, m) p.p.m . ].
P repara tion  o f  2 ,2 '-D ich lorod iph en ylae th an e . -  This was made using 
an adaptation  o f  Marvel e t  a l . 274 method to  prepare d iphenylacetic  
ac id  from b e n z i l ic  a c id .
A m ixture o f  red phosphorus (8 .86 g , 0.28 m ol) and iod ine 
(2 .95  g ,  0.012 mol) d is so lv ed  in  g la c ia l  a c e tic  a c id  (150 cm* ) was 
¡a llowed to  stand fo r  15 min. 2 , 2 ’ -D ichlorodiphenylm ethanol (65 .0  g , 
0.26 mol) and water (2 .95  cm* ) were added and the r e s u lt in g  mixture 
heated under r e f lu x  fo r  24 h. The reaction  was then f i l t e r e d  to 
remove excess o f  phosphorus and the f i l t r a t e  poured in to  a s t ir re d
212.
so lu t ion  o f  sodium m etab isu lph ite  (15 .0  g , 0 .08 mol) in  water 
(500 cm* ) .  The m ixture was s t i r r e d  fo r  2 h. On lea v in g  th e m ixture 
to  stand f o r  1 h a ye llo w  o i l  s e t t le d  out which was then extrac ted  
w ith d ie th y le th e r  (100 cm* ) .  The organic la y e r  was d ried  over 
MgSO^, f i l t e r e d  and the s o lv e n t  removed under reduced pressure to  
g iv e  the o i l y  product. D is t i l l a t i o n  under reduced pressure gave a 
c o lo u r le s s  l iq u id .  Y ie ld  50.9 g ,  83*.
[b .p . 108 °C, 0 .2  mm Hg;
1H n .m .r. (CDClg, 220 MHz); « 4 .2 2  (2H, s )  7.12-7.51 (8H, m)
p .p .m .;
Mass spec. (E l )  m/z; 236, 238, 240 (9 :6 :1 ) [ m+ * ] . ]
Preparation  o f  2 ,2 , -D ilith iod ip h en y la e th a n e . -  Lithium  fla k e s  
(4 .0  g , 0 .57 mol) were suspended in d ie th y le th e r  (75 cm* ) in  a 1000 
cm* fla s k  f i l l e d  w ith argon. The f la sk  was f i t t e d  w ith a mechanical 
s t i r r e r  and dropping funnel and coo led  to  0 °C. A s o lu tion  o f  
2 ,2 ’ -d ichlorodiphenylm ethane (10 .80  g , 0.046 m ol) in  d ie th y le th e r  
(125 cm1 ) was added dropwise o v e r  a p eriod  o f  1 h. The r e s u lt in g  
orange suspension was then s t i r r e d  fo r  24 h. The rea ction  m ixture 
was f i l t e r e d  f r e e  o f  the excess  o f  lith ium  m eta l. The organolith ium  
con cen tra tion  was determined by a m od ifica tion  o f  the double 
t i t r a t io n  method o f  Gilman: sepa ra te  a liq u o ts  were quenched with 
water and su ccess ive ly  w ith 1 ,2-dibromoethane and water, and 
t i t r a t e d  a ga in s t 0.05 M h yd ro ch lo r ic  ac id .
213.
Tab le E .2 .1 .3 . Elemental a n a lyses8
Compound ( H
[(P E t3) 2P t (è 6HaCH2e6H4 ) ] 50.61 (50 .24 ) 6.64 (6 .75 )
[<PMe3 ) 2Pt<e(.H4CH2e 6H4 > ) 43.92 (44 .40 ) 3.72 (3 .50 )
[ ( PM.2Ph ) 2lSt ( C6H4CH2C6H4 ) ] 54.49 (53 .63 ) 4.47 (5 .06 )
[(PPh3) ?pT(c]rH^CH^fiH4 ) ] 66.21 (66 .43 ) 4.71 (4 .55 )
[(l,S -C 0 D )[S t(C p^ C H ^ 6H4 ) ) 54.69 (53 .72 ) 4.47 (4 .72 )
35.53 (35 .26 ) 4.71 (4 .75 )
a C a lcu lated  va lues are g iv e n  in  parentheses.
P repara tion  o f  [ (P E t^ P t iC g l^ C H gC gH ^ l -  A s o lu t io n  o f  2 , 2 ' -  
d ilith iod iph en y lm eth an e  (5  cm1 , 0.22 M in  d ie th y le th e r ,  1.10 mmol) 
was added dropwise to  a s t i r r e d  suspension o f  [P tC l2(PE t3>2 ]
(0 .374  g , 1 .0  mmol) in  benzene (25  cm* ) .  The r ea c t io n  m ixture was 
then s t i r r e d  fo r  2 h during which time the suspension had turned 
b r ig h t  orange. Water (20 cm* ) was then added and the two layers  
separated . The organ ic  la y e r  was d ried  o ve r  MgS04 and then 
f i l t e r e d .  Removal o f  the s o lv e n t  by evaporation  under reduced 
pressure fo llo w ed  by a d d it io n  o f  d ie th y le th e r  (40  cm* ) gave the 
orange s o l id  product. R e c r y s ta l l is a t io n  from benzene/methanol 1:1 
v/v gave a wh ite a ir  s ta b le  c r y s ta l l in e  s o l id .  Y ie ld  0.44 g , 74%. 
13C- ( V  n .m .r. data fo r  phosphine ligand  resonances g iven  in  Table 




































P reparation  o f  [(PM e^PtiCgH ^CH gO gl^) ] .  -  A so lu t ion  o f  2 , 2 ' -  
d ilith iod iph eny lm eth ane (11 cm* , 0 .2 2  M in  d ie th y le th e r ,  2 .2  mmol) 
was added dropwise to  a s t i r r e d  suspension o f  [P tC l2(PMe3>2 ]
(0 .90  g ,  1 .82 mmol) in  benzene (40  cm* ) coo led  to  0 *C. The 
rea c t ion  m ixture was then s t i r r e d  fo r  2 h and a llow ed to  warm up to  
ambient tem perature. The b r ig h t  y e llo w  m ixture was again coo led  to  
0 *C and w ater (25 cm* ) was then added and the two la ye rs  
separated . The organ ic la y e r  was d ried  over MgSC>4 and then 
f i l t e r e d .  Removal o f  the s o lv e n t  by evaporation  under reduced 
p ressure, fo llo w ed  by a d d it io n  o f  d ie th y le th e r  (40 cm* ) gave the 
pa le  brown s o l id  product. R e c r y s ta ll is a t io n  from benzene/methanol 
1:1 v/v gave a white a i r  s ta b le  c r y s ta l l in e  s o l id .  Y ie ld  0.59 g , 
63%.
13C- (*H > n .m .r. data fo r  phosphine ligand  resonances g iven  in 
Table E .2 .1 .3 . .
P reparation  o f  [(P lto g P h J g P t iC ^ C H g C ^ ) J. -  This was prepared
using a s im ila r  procedure to  f(PMe_)_Pt(C_H  .CH.C.H J  ] a t  0 °C from 
42 0 4 2 0 4
[ P tC l2(PMe2Ph )2 ] to  g iv e  a p a le  brown s o l id .  Y ie ld  0.36 g , 56%.
data fo r  phosphine ligand  resonances g iven  in  Table
E .2 .1 .3 .
P reparation  o f  I ( P*ePh2 ) 2P t ( )  ]. -  This was prepared 
using a s im ila r  procedure to  [ ( PMe3 )2P t ( ¿6H4CH2C6H4 ) ] a t  0 *C from 
[P tC l2(PMePh2 ) 2 ] to  g iv e  a p a le  brown s o l id .  Y ie ld  0.33 g ,  49% 
l *C - (*H )  n .n .r .  data fo r  phosphine ligand  resonances g iven  in  Table 
E .2 .1 .3 .
Prepara tion  o f  f( PPhg) 2P t ( ¿6H4CH2^6H4 ) 1* “  Th is was prepared using 
a s im ila r  procedure to  [ ( PEt3 ) 2P t ( ¿6H4CH2d6H4 ) ] from [P tC l2 
(PPh3>2 ]. R e c r y s ta ll is a t io n  from  benzene methanol 1:1 v/v gave a 
wh ite c r y s ta l l in e  s o l id .  Y ie ld  0 .33  g  62%.
13C- (*H }  n .m .r. data fo r  phosphine ligand  resonances g iven  in  
Tab le E .2 .1 .3 . .
P repara tion  o f  [ ( 1, 5-COD) ] .  -  A s o lu t io n  o f  
2 ,2 '-d ilith iod ip h en y lm eth a n e  (9 .0  cm’ , 0.27 M in  d ie th y le th e r , 2.4 
mmol) was added dropwise to  a s t i r r e d  suspension o f  [ P tC l2(l,5-COD)J 
(0 .8  g . 2.14 mmol) in  d ie th y le th e r  (40 cm* ) coo led  to  -78 °C. The 
m ixture was then s t i r r e d  f o r  2 h. Methanol (20  cm* ) was then added 
and the m ixture a llow ed  to  warm to  ambient temperature o v e r  30 min. 
The volume was reduced to  10 cm* by evaporation  under reduced 
p ressure. The y e llo w  s o l id  product was f i l t e r e d  o f f ,  washed with 
methanol (25 cm* ) and d ie th y le th e r  (30 cm’ ) and d ried  in  vacuo over 
P205. Y ie ld  1.2 g ,  84%.
13C- {^ H ) n .m .r. data  fo r  phosphine ligan d  resonances g iven  in  Table 
E .2 .1 .3 .
P repara tion  o f  [ ( dppa) I*t( )  J. -  A s o lu t io n  o f  diphenyl 
phoaphinomethane (0 .115  g , 0 .30  mmol) in  dichloromethane (10  cm* ) 
was added to  a s t i r r e d  s o lu t io n  o f  [ ( 1 , 5-COD) f* t( C6H4CH2^6H4 ) ] 
(0 .150  g , 0.32 mmol) in  dichlorom ethane (25 cm* ) .  The m ixture was 
then s t i r r e d  fo r  1 h. The s o lv e n t  was removed by evapora tion  under 
reduced p ressure. The res idue was tr itu ra te d  w ith  d ie th y le th e r  
(40 cm* ) to  g iv e  the pale y e llo w  s o l id  product. R e c ry s ta ll is a t io n
217.
from benzene/ethanol 1:1 v/v gave a white s o l id  . Y ie ld  0.20 g , 
93*.
P reparation  o f  [(dppe )P t(C ^ i~a i^26H4 ) ] .  -  This was prepared using a 
s im ila r  procedure to  [ ( dppm) p't( ^gH4CH2<' 6H4 ) 1 g iv e  a white a ir
s ta b le  s o l id .  Y ie ld  0.21 g .  92*.
T rea tm en t o f  g P B tg ) 2P t ( CgH4CH2CgH4 ) J w ith  T r ip h en y lca rb en iu m
te tra f lu o ro b o ra te . -  A s o lu t io n  o f  [ ( PE t  _ ) _P t(6 _HCH_C_H ) 1J 2 0 4 2 6 4 '
(0 .050  g ,  0.084 mmol) in  benzene-dg (2 .5  cm*) was trea ted  with 
Ph^CBF4 (0 .033 g ,  0 .10 mmol) under an atmosphere o f  n itro gen . The 
r e s u lt in g  m ixture was l e f t  to  stand fo r  5 min and then examined by 
1H and 31P - {1H ) n .m .r. spectroscopy . Further a liq u o ts  (up to  10 mol 
e q u iva len t ) were added o v e r  a period  o f  2 d and the resu lt in g  
m ixtures examined again by *H and 31P- (*H ) n .m .r. spectroscopy.
Treatment of [ ( PEt3)2Pt( Cgl^CH^gf^) J with Nethyllithium,
I fc ity l l i th iu m ,  t a r t —B u ty l l i t h iu m  and L ith iu m  b i a ( t r i m e t h y l s i l y l ) -
amide. -  A so lu t ion  o f  [ ( PE 13) 2^t ( )  ) (0 .050 g ,
0.084 mmol) in  benzene-dg (2 .5  cm* ) was trea ted  w ith a liq u o ts  o f  
th e basic reagent (0 .10  mmol) under an atmosphere o f  n itro gen . The 
r e s u lt in g  m ixture was l e f t  to  stand fo r  15 min and then examined by 
*H and 31P - (1H )nm .r. spectroscopy . Further a liq u o ts  (up to  10 mol 
e q u iva len t ) were added o v e r  a period  o f  2 d and the r e s u lt in g  
m ixtu re, a ia ln  examined by l H and 31P-11h ) nm.r. aped tro .eopy .
Treatment o f  [(P E t^ P t iC g H ^ C H ^ gH ^  1 w ith  Methyl Io d id e . A
s o lu t io n  o f  I ( pEt3 ) 2,it(<:6H4CH2<i6H4 )  ^ (0 *100 « •  0 **67 mmol) in  
benzene-dg (2 .5  cm*) was tr e a te d  w ith m ethyliod ide (10 p i ,  0.160 
mmol) under an atmosphere o f  n itro gen . The r e s u lt in g  m ixture was 
then examined by 31P- ^HJn.m .r. spectroscopy. Further a liq u o ts  o f  
m ethyliod ide (10  pit 0.160 mmol) were added (up to  10.0 mol 
e q u iva len t ) and the m ixture aga in  examined by 31P- (*H ) n .m .r. 
sp ec troscopy .
P repara tion  o f  l  -  A so lu t ion  o f  iod in e
(2 .08  cm* , 0.079 mmol in  benzene, 0.165 mmol) in  dichloromethane 
(15  cm* ) was added dropwise o v e r  4 h to  a s t i r r e d  so lu t io n  o f  
l (P ^ tg J g P tfC g f^ C ^ C g ^ ) ] (0 .1 0  g ,  0.167 mmol) in  dichloromethane 
(40  cm’  ) coo led  to  -50 °C under argon. The m ixture was then s t ir r e d  
f o r  a fu rth e r  2 h a t  -50 °C. The so lven t was then removed by 
evapora tion  under reduced p ressu re. Add ition  o f  ethanol (40 cm*) 
gave the y e llo w  s o l id  product which was f i l t e r e d  o f f  and washed 
w ith  ethanol (15 cm *). R e c r y s ta l l is a t io n  from benzene/methanol 1:1 
v/v gave a y e llo w  a i r  s ta b le  c r y s ta l l in e  s o l id .  Y ie ld  0.132 g , 93%.
data fo r  phosphine ligand  resonances g iven  in
Tab le E .2 .1 .3 . .
Treatment o f  [ ( PSt 3 ) ^ P t ( )  ] w ith  Lithium  b is (  t r ie e t h y l-
s i l y l ) a * i d e .  -  A s o lu t io n  o f  [ ( PEt3) 2I 2Pt(CgH4CH2CgH4 ) ] (0 .050 g , 
0 .06 mmol) in  benzene-dg was tr e a te d  w ith L i[N (S iM e3) 2 ] ( 0 .1 cm*.
1 .6  M in  hexane, 0.1 mmol) under an atmosphere o f  n itro gen . The 
r e s u lt in g  m ixture was l e f t  to  stand fo r  15 min and then examined by
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3W H ) „ . . . r .  spectroscopy . Further a liq u o ts  (up to  10 mol 
e q u iv a le n t ) were added over a p e r io d  o f  12 h and the r ea c t io n  
m ixture aga in  examined by 31P - {*H  > n.m .r. spectroscopy.
Treatment o f  [  ^ te r t-B u ty llith iu m . -  A
s o lu t io n  o f  [ ( PEt3) 212P t ( C6H4CH2<J6H4 ) ] (0 .05  g , 0.06 mmol) in  
benzene-dg (2 .5  cm*) was tr e a te d  w ith  But L i (0 .1  cm*, 1.6 M in  
pentane, 0.1 mmol) under an atmosphere o f  n itro gen . The r e s u lt in g  
m ixture was examined by 31P- (*H )  n .m .r. spectroscopy. Further 
a liq u o ts  (up to  10 mol e q u iv a le n t ) were added ove r  a p e rio d  o f  12 
h and the rea c t io n  m ixture aga in  examined by 31p- (*H } n .m .r. 
sp ec troscopy .
Treatment o f  l(<*pm )Pt(CgH4CH2CgH4 )  ] w ith  Io d in e . -  A s o lu t io n  o f  
( ( dppm) P t ( CgH4CH2CgH4) ]  (0 .025 g ,  0.034 mmol) in  benzene-dg 
(2 .0  cm* ) was trea ted  w ith  a s o lu t io n  o f  iod in e  (0 .42  cm* , 0.079 M 
in  benzene, 0.034 mmol) under an atmosphere o f  n itro gen . On leav in g  
the s o lu t io n  to  stand f o r  10 min, th e c o lo u r le s s  so lu t ion  turned 
dark orange. The r e s u lt in g  m ixture was examined by 31P- {*H > n.m .r. 
spec troscop y .
Treatment o f  [ ( dppm) I ^ iC g f^ C H ^ g H ^  J w ith  t e r t - B u t y l l i t h i ia .  -  A
s o lu t io n  o f  [ (d p p « ) I 2P t(C ^C H ^C gH 4 )J (0.033 g .  0.034 mmol) in  
benzene-dg (2 .5  cm* ) was trea ted  w ith  But L i (0 .1  cm* , 1.6 M in  
pentane, 0 .16 mmol). The r e s u lt in g  m ixture was examined by 31P - { l H ) 
n .m .r. spectroscopy.
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B .2 .2  X-RAY CRYSTAL STRUCTURE DATA
C ry s ta l S tructu re Analysis o f  ( (P I^ P h ^ P t iC H ^ g  ] and 
[(P lle 2Ph )2Pt(CH2CH2C(CH3) 2CH2<bl2 J. -  For both compounds, data were 
c o l le c te d  w ith  a Syntax P 2 1 fou r  c i r c l e  d iffra c to m ete r  fo r  2e in  
th e range 3-50°. Background in t e n s i t ie s  were measured a t each end 
o f  th e scan fo r  0 .25 s o f  the scan tim e. Three standard 
r e f le c t io n s ,  monitored every  200 r e f le c t io n s ,  showed s l ig h t  changes 
during data c o l le c t io n ;  the data were resca led  to  c o r re c t  fo r  th is .  
The d en s ity  was measured by f lo t a t io n .  Unit c e l l  dimensions and 
standard d ev ia tion s  were obta ined  by le a s t  squares f i t  to  15 high 
an gle  r e f le c t io n s .  Refinement used the observed r e f le c t io n s  
[Z / o ( I )  i  3.0 ] co rrec ted  fo r  Loren tz , p o la r is a tio n  and absorption 
e f f e c t s ,  the la s t  by the Gaussian method. D e ta ils  fo r  each compound 
are  g iv en  in  Table E .2 .2 .1 .
Heavy atoms were loca ted  by Patterson  methods and the 
rem ain ing l ig h te r  atoms by su ccess ive  Fourier syn thesis .
A n iso trop ic  temperature fa c to rs  were used fo r  a l l  atoms except 
hydrogens which were in serted  a t  f ix e d  p os itio n s  and not re fin ed  (U 
■ 0 .07  A* ) .  Methyl groups were tr e a te d  as r ig id  CH3 u n its  with 
th e ir  i n i t i a l  o r ie n ta t io n  taken from  the H-atom peaks on a 
d i f fe r e n c e  Fourier syn thesis . F in a l refinem ent o f  F was by cascaded 
le a s t  squares methods. A w eigh tin g  scheme o f  the form W -  l/ (o * (F )
♦ gF* ) was ap p lied . Computing used SHELXTL (S h e ld rick , 1983)343 on 
a Data General DG30. S ca tterin g  fa c to r s  in  the a n a ly t ica l form and 
anomalous d ispers ion  fa c to rs  were taken from the In tern ation a l 









Su itab le  c ry s ta ls  o f  compound [(P M e^ h ^ p T T ^ H ^  ] were 
ob ta ined  by r e c r y s ta l l is a t io n  from dichloromethane/methanol 2 : 1  
v/v. The c ry s ta ls  formed were y e llo w  ir re g u la r  p la te s .
In  the determ ination , a n iso trop ic  temperature fa c to rs  were 
used f o r  a l l  non-H atoms apart from the atoms o f  the pentamethylene 
r in g .  I t  was found th a t fou r  o f  the carbon atoms o f  the r in g  were 
d iso rde red , each having a major and a minor p o s it io n . Their  lin ked  
occupancies were r e fin ed  as a s in g le  population parameter which 
converged  to  0.664 and 0.336 f o r  the major and minor components 
respec t i v e l y .
C olou rless  f la k y  c ry s ta ls  o f  compound 
[ ( PM.?Ph) 2P t ( CHgCHgC ( CH3) jCHj CHj  ) ] were ob to ln .d  from 
dichloromethane/methanol 2:1 v/v . The c ry s ta ls  had a strong 
tendency fo r  s a t e l l i t e s  to  be attached , and seve ra l c ry s ta ls  had to 
be examined to  ob ta in  a s u ita b le  s in g le  c r y s ta l .  The one s e le c te d  
con ta ined  one p r in c ip a l component w ith  a s a t e l l i t e  g iv in g  
approxim ately  3% o f  the d i f f r a c t io n  in ten s ity  o f  the main c r y s ta l .
C ry s ta l S tructu re A n alys is  o f  [  ( PE 13 ) 2Pt ( >  1 and 
ft *** * 3  ) 2I 2**t *^6H4OI2^6H4  ^ ^  ~ For both compounds, the data were 
c o l le c te d  and r e fin ed  as above. D e ta ils  fo r  each compound are  g iven  
in  Tab le E.2 .2 .2 .
Su itab le  c r y s ta ls  o f  compound [ ( PE13)?P t ( )  ] were 
ob ta ined  by r e c r y s ta l l is a t io n  from benzene/methanol 1:1 v/v. The 
c r y s ta ls  formed were ir r e g u la r  shaped co lo u rless  p la te s .
Orange red p la te  c r y s ta ls  o f  compound
ftPEt3 2^ I 2P t *C6H4CH2C6H4 ^ were obta ined  by r e c r y s ta l l is a t io n  from
224.
benzene/methanol 1 
the refin em ent o f  1 
include c o r re c t io n
:1 v/v. For compound [<PEt ) I_Pt(C_H  CH„C„H )J 
J ‘  t 04 2 6 4
:h. observed r e f le c t io n s  [ I / o ( I )  »  3 . 0 J d id  not 









E3. PREPARATION OF ALCOHOL- AM) ALKOXO- COMPLEXES OF PLATINUM(II) 
AND PALLADIUM ( I I )
Preparation  o f  Pti^PCH^CH^CH^OH. -  Triphenylphosphine (2 0 .0  g ,
0.076 m ol) and lith ium  fla k e s  (2 .80  g .  0.40 m ol) were p laced  in  a 
250 cm1 f la s k  f i l l e d  w ith n itrogen . Dry tetrahydro furan (150 cm*) 
was s low ly  added to  the s t ir r e d  m ixture which was coo led  to  -15 °C. 
The r e s u lt in g  m ixture was then s t i r r e d  fo r  6 h and a llow ed  to  warm 
to  * 2 0  ° C .  The red so lu t ion  was then f i l t e r e d  f r e e  o f  excess o f  
lith ium  metal and coo led  to  -70 °C. l-C h loropropan -3-o l (6 .5  cm*,
7.4 g ,  0.078 mol) was added dropwise by syr in ge  over 10 min. A fte r  
the a d d ition  was complete the m ixture was then allow ed to  warm to  
ambient temperature over 1 h during which tim e the red co lou r 
d isappeared. Water (100 cm* ) was then added and the r e s u lt in g  two 
layers  were separated. The aqueous la y e r  was ex trac ted  w ith  
tetrahydro furan (3  x 50 cm* ) and the combined organ ic la y e rs  d ried  
over MgSO^ and then f i l t e r e d .  Removal o f  the so lven t under reduced 
pressure gave the white s o l id  product which was r e c r y s ta l l is e d  from 
petroleum eth e r  (b .p . 100-120 *C ). Y ie ld  14.5 g ,  78X.
( XH n .m .r. (CDClg, 220 KHz); «1 .5 6  (2H. m), 2.08 (2H, m ,) 2.21 
(1H, br s ) .  3.63 (2H, t .  J -  8 Hz) 7 .18-7 .52  (10H. m) p.p.m .
31P-(*H  )  n .m .r. (CDClg, 162 MHz); «  -16 .1  p.p.m .
13C - (1H )n .m .r. (CDC13> 22.6 M iz); «2 4 .5  (1C. d. J (C P )-10 .3  Hz),
29.4 (1C, d , J (CP)=14.7 H z ), 63.3 (1C, d, J (C P )-13 .2  H z ), 128.8 
(2C, s ) ,  130.5 (4C, s ) ,  133.7 (4C, s ) ,  139.0 (2C, d, J (C P )*13 .2  Hz) 
p.p.m.
I.R . (cm- 1 ) ;  v(O-H ) 3400br. v (p_ph ) 1435s, v (C -0) 1050s;
Mass spec. ( C . I . )  m/z;245 [ ( M-fH)* ]
Found: C, 73.66; H, 6.95; C a lc , f o r  C15H170 P: C, 73.75; H, 7 .0 2 * ].
P r e p a r a t io n  o f  [ P t C l ^ P t ^ P C T ^ O y ^ O H ) ^  . -  A so lu t io n  o f
PCHgCHgCHgOH (0 .27  g , 1.12 mmol) in  dichloromethane (5  cm*) was 
added dropwise o v e r  15 min to  a s t i r r e d  suspension o f  
[ P tC lgi1 ,5-CO D )] (0 .215 g , 0 .57 mmol) in  dichlorom ethane (10 cm *).
The m ixture was then s t ir r e d  u n t i l  a l l  the s o l id  had d isso lved . 
Evaporation o f  th e s o lv en t, fo llo w ed  by ad d ition  o f  d ie th y le th e r  
(10  cm* ) gave the wh ite s o l id  product which was washed w ith  
d ie th y le th e r  (30  cm* ) and d ried  in  vacuo. Y ie ld  0.41 g ,  96%.
P r e p a r a t io n  o f  [ PtBr^rngPCHgCHgCHgOH)^ . -  This was prepared using
a s im ila r  procedure to  c is - [P t C l2 (Ph2PCH2CH2CH20H)2 ] from 
[ PtBr2(1,5-COD)] t o  g iv e  a p a le  y e llo w  s o l id .  Y ie ld  0 .38  g ,  95*.
P r e p a r a t io n  o f  [ P t I 2 (Ph2PCH2CH2CH20H )2J . -  This was prepared using
a s im ila r  procedure to  c is -  [P tC l2 (Ph2PCH2CH2CH20H)2] from 
[P t l2 (1,5-COD) ] to  g iv e  a b r ig h t y e l lo w  s o l id .  A m ixture o f  c is  and 
trans isom ers was obta ined  ( 9 : 1  c / t ) .  Y ie ld  0.40 g ,  92*.
P r e p a r a t io n  o f  c i a -  iP t(C H 3 >2 (P h 2PCH2CH2CH20 H )2 1. -  This was 
prepared using a s im ila r  procedure to  [ P tC l2(Ph2PCH2CH2CH20H)2] 
from [P t(C H 3) 2 (l,5 -C 0 D )] to  g iv e  a w h ite  s o l id .  Y ie ld  0.29 g , 90*.
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Table E .3 .1 . Elemental Analyses3
Compound 1 H
[P tC l2(Ph2PCH2CH2CH20H)2 ] 46.96 (47 .72 ) 4.61 (4 .54 )
[PtBr2 (M ,2PCH2CH2CH2CH20H)2 ) t 8 (42 .72 ) 4.25 (4 .06 )
(P t I2 (Ph2PCH20H2CH20H)2 J 37.29 (38 .43 ) 3.95 (3 .65 )
[Pt(CH3) 2(Ph2PCH2CH2CH20H)2 J 54.88 (53 .85 ) 5.91 (5 .65 )
p tC l ( CH3) ( Ph2PCH2CH2CH20H) ) 50.64 (50 .72 ) 5.00 (5 .08 )
[M (c i2 ( w i2i>ch2ch2ch2oh) 2 ] 53.92 (54 .11 ) 4.98 (5 .15 )
p t (P h 2K:H2CH2CH20H)2 ] (C102 ) 2 40.50 (40 .83 ) 3.78 (3 .88 )
p t(P h 2PCH2CH2CH2<S)2 1 51.57 (52 .86 ) 5.48 (4 .73 )
3 C alcu lated  va lues a re  g iven  in paren theses.
P reparation  o f  trana-  [PtC l(CH3)(P h 2PCH2CH2CH20H)2 J . -  This wa:
prepared using a s im ila r  procedure to  [ PtCl^Pt^PCHgCHgCf^OH)^ 
from [ PtCKCHg)(1,5-COD)] to  g iv e  a w h ite  s o l id .  Y ie ld  0.27 g , 
83%.
P r e p a r a t io n  o f  t r a n a -  i P d C l ^ P h ^ ^ C H ^ ) ^  . -  T h i.  was prepared 
using a s im ila r  procedure to  [ P tC l2(Ph2PCH2CH2CH20H)2J from 
[PdCl2(But CN)2 1 to  g iv e  a b righ t y e llo w  s o l id .  Y ie ld  0 .28  g ,  96%.
P r ^ m r m t io n  o f  [ P t ( P ^ P C H ^ C ^ O H ). , ]  (C I O ^ .  -  A s o lu t io n  o f  
AgClO^ (0 .25  g ,  1.2 mmol) in  methanol (5  cm* ) was added dropwise
230.
over 15 min to  a s t i r r e d  s o lu t io n  o f  c is - [  P tC l2 (Ph2PCH2CH2CH20H)^ 
(0 .2 0  g ,  0 .26 mmmol) in  methanol (30 cm* ) ;  a wh ite p re c ip ita te  
formed im m ediately. The m ixture was s t i r r e d  f o r  2 h and then 
evaporated to  dryness under reduced p ressu re. The res id u e  was then 
e x tra c ted  w ith  dichlorom ethane (3  x 20 cm* ) and the s o lu tion  
f i l t e r e d  tw ic e . The volume was then reduced to  10 cm* and 
d ie th y le th e r  (15 cm* ) added s low ly  to  p r e c ip i ta te  th e wh ite s o lid  
product. The white s o l id  was f i l t e r e d  o f f  and washed w ith 
d ie th y le th e r  (15  cm *). Y ie ld  0.178 g , 75%.
P reparation  o f  c ia -  l P t ( Pt^PCf^O^CI^O) g J . -  a  s o lu t io n  o f  NaOH 
(1 .7  cm , 0 .78 M in  methanol, 1.32 mmol) was added dropwise over 15 
min to  a s t i r r e d  s o lu t io n  o f  c ls - [  P tC l.iPh .PC H ^H ^C H ^H ^ l (0 .25  g 
0 .33  mmol) in  methanol (20  cm *). On a d d it ion  o f  the base the 
s o lu t io n  turned p a le  y e l lo w .  The m ixture was then s t i r r e d  fo r  2 h 
and then evaporated  to  dryness under reduced p ressu re. The residue 
was then e x tra c ted  w ith  dichloromethane (2  x 20 cm* ) and the 
s o lu t io n  f i l t e r e d .T h e  volume was reduced to  5 cm* and petroleum 
e th e r  (b .p . 40-60 *C) (2  cm* ) was added and th e m ixture l e f t  a t 
0 °C fo r  16 h. The wh ite s o l id  product was f i l t e r e d  o f f  and washed 
w ith  d ie th y le th e r  (10 cm* ) and d ried  in  vacuo o ve r  P20^. Y ie ld  
0.18 g ,  82%.
PRELIWIIARY N . M . R .  KXPU1WNTS
Tr* * " * " t ° r  1 FtljPCHjCH2CH20H|2l w ith  W h C lj. -  «  .e lu t io n  o f
[P tC lJ (Ph2PCH2CH2CHJOH)J ) (0 .025 » .  0.033 m m ol) In  c h lo ro fo rm «^
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(2 .0  cm*) was trea ted  w ith  a so lu tion  o f  PPhClg (0 .125  cm* , 0.26 M 
in  d ichlorom ethane, 0.033 mmol). The r e s u lt in g  m ixture was examined 
by 31P- ) n .m .r. sp ectroscopy . T rieth ylam in e (c a  0 .2  cm’  ) was 
then added to  the m ixture. White fumes were observed . The mixture 
was again examined by 31P- l*H > n .m .r. sp ectroscopy .
Treatment o f [ PtC lg ( Pt^PO ^O ^O ^O H ) J w ith Sodium Nethoxide. -  A
s o lu t io n  o f  [P tC l2(Ph2PCH2CH2CH20H)2 ](0 .025  g ,  0.033 nunol) in
m ethanol-d- (1 .5  cm*) was tr e a te d  w ith sodium methoxide (40  w l,4
0.78  M in  methanol, 0.032 mmol). The r e s u lt in g  m ixture was examined 
by 31P- (*h > n .B .r .  sp ectroscopy . Further a liq u o ts  o f  sodium 
methoxide (40 u l )  were added su ccess ive ly  and th e p ro gress  o f  the 
rea c t io n  fo llo w ed  by 31P- f*H } n .n .r .  sp ectroscopy . On th e add ition  
o f  2 mol equ iva len ts  o f  the base a fu rth e r  a l iq u o t  o f  sodium 
methoxide (0 .8  cm* , 0 .6  mmol) was added. The r e s u lt in g  m ixture was 
examined by V i 1«  )  n .m .r. spectroscopy.
Treatment of (ptcl2 (ph2PCH2CH2CH20H)2^ with Triethylamine in
methanol. -  A s o lu t io n  o f  [ P tC l2(Ph2PCH2CH2CH20H)2 J (0 .02 5  g,
0.033 mmol) in  methanol-d4 (2 .0  cm*) was tre a ted  w ith  an excess o f  
tr ie th y la m in e  (0 .5  cm* ) .  The r e s u lt in g  m ixture was examined by 31P- 
< > n.m. r .  spectroscopy.
Treatment of (PtCl2( Ph2PCH2CH2CH20H)2 1 with Triethylamine in 
chloroform. - A so lu t io n  o f  [P tC l2(Ph2PCH2CH2CH20H)2 J(0 .025 g,
0.033 mmol) in  ch loro fo rm -d  (2 .0  cm* ) was tr e a te d  w ith  an excess 
o f  tr ie th y lam in e  (0 .5  cm *). The resu lt in g  m ixture was examined by
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31P - {1H } n .m .r . sp ectroscopy . The m ixture was then coo led  to  -60 °C 
and examined again by 31P- (^H > n.m .r. sp ectroscopy .
Treatment of [PtBr2 (P*»2PCH2CH2CH20H)2 ] with Sodium Methoxide. - A
s o lu t io n  o f [P tB r2(Ph2PCH2CH2CH20H)2] (0 .03  g ,  0 .036 mmol) in 
methanol-d4 (1 .0  cm* ) was tre a ted  with a s o lu t io n  o f  sodium 
methoxide (1 .0  cm* , 0 .78 M in  methanol, 0.78 mmol). On leav in g  the 
s o lu t io n  to  stand fo r  10 min th e pale y e llo w  s o lu t io n  turned 
c o lo u r le s s .  The r e s u lt in g  m ixture was examined by 31P - (1H) n.m .r. 
spectroscopy .
Treatment of [PtI2(PhgPCHgCHgOTgOH)?] with Sodium Methoxide. - A
s o lu t io n  o f  [ P t I2 (Ph2PCH2CH2CH20H)2 J (0 .03  g ,  0 .032 mmol) in  
methanol-d^ (1 .0  cm* ) was tr e a te d  with a s o lu t io n  o f  sodium 
methoxide (1 .0  cm*. 0 .78 M in  methanol, 0.78 mmol). On lea v in g  the 
s o lu t io n  to  stand f o r  10 min the b righ t y e llo w  so lu t io n  had turned 
c o lo u r le s s .  The r e s u lt in g  m ixture was examined by 31P - (1H) n.m .r. 
spectroscopy .
Treatment of [ ¿t(Pt^PQ^CT^CT^OH)^  ( C I O ^  with Triethylamine. - A
s o lu t io n  o f  [P tC l2(Ph2PCH2CH2CH20H)2J(0 .07  g ,  0 .093 mmol) in  
methanol-d4 (1 .5  cm* ) was tre a ted  w ith an excess o f  AgC104 (0 .10 
g , 0 .5  mmol) in  methanol (1 .5  cm *). The wh ite p r e c ip i ta te  was 
f i l t e r e d  o f f  and the f i l t r a t e  trea ted  w ith an excess o f  
tr ie th y lam in e  (0 .5  cm *). The r e s u lt in g  m ixture was examined by 3 lp_
(S o n .m .r. spectroscopy.
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Treatment o f  [P tC llC H ^ iF t^pa^C H jC H jO H IJ  » i t h  Sod lu . ll.th o .ld .. -
*  s o lu t io n  o f  ( PtC 1(CH3 )< Ph2PCH2CH2CH20H) 2J(0 .0 3  a , 0 .04 mmol) In 
methanol-d4 (1 .0  cm’  ) was tr e a te d  w ith a s o lu t io n  o f  sodium 
methoxide (1 .0  cm*, 0.78 M in  methanol, 0.78 mmol). The resu lt in g  
m ixture was examined by 31P - ( 1H) n .m .r. spec troscopy .
Treatm ent o f  ( M C I2 ( FhgPCHgCHgCHgOH) 2 1 w ith  Sodium N e th o x id e .-  A 
suspension o f  [ PdCl2(Ph2PCH2CH2CH20H>2 ] (0 .03  g ,  0 .45  mmol) in  
methanol-d4 (1 .0  cm’  ) was tr e a te d  w ith  a s o lu t io n  o f  sodium 
methoxide (1 .0  cm* , 0.78 M in  methanol, 0.78 mmol). On add ition  o f  
the base the b r ig h t  y e llo w  suspension d isso lved  to  g iv e  a y e llow  
so lu t io n  which was examined by 31P - (XH) n .m .r. sp ectroscopy .
Treatment o f  2 ] with Hydrochloric Acid. -  A
so lu t io n  o f  (P t(Ph 2PCH2CH2CH20 )2J (0 .03  g, 0.044 nmol) in 
methanol-d4 (2 .5  cm* ) was tr e a te d  w ith an excess o f  6 M
h yd roch lor ic  a c id  (0 .2  cm *). The r e s u lt in g  m ixture was examined by
31 ,1 „ .
P - (  H } n .m .r. spectroscopy .
T r ..t “ " t  £ is -  ( I*t( Ph2PCH2CH2CH20 ) 2 ) th S O ^  -  Sulphur d io x id . 
gas was bubbled through a s o lu t io n  o f  [Ptlph^CH^CH^CH^J) 2 ] (0.030 
g ,  0.044 mmol) in  m ethanol-d j (2 .5  cm*) fo r  30 m in. The resu lt in g  
m ixture was examined by 31P -{*H  } n .m .r. sp ectroscopy .
Treatment of [ Pt(Pt^PCT^CHgCT^O)2 J with 2,6-Oimethy 1 phenyl
isocyanide. - A s o lu t io n  o f  [PtTw^PCH^CH^CH^5)2 J (0 .02  g, 0.036 
mmol) in  methanol-d4 (2 .5  cm* ) was trea ted  w ith one equ iva len t o f
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2 ,6-d im eth ylph en ylisocyan ide (0 .28  cm*. 0 .12  M in  methanol, 0.033 
mmol). The r e s u lt in g  m ixture was examined by 3 1P - { 1 H> n.m .r. 
sp ectroscopy . A second equ iva len t o f  2 ,6-d im ethylphenylisocyan ide 
(0 .2 8  cm1 , 0.033 mmol) was added to  th e m ixture which was then 
examined by 3W l U „ . m . r .  sp ectroscopy .
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E.4.1 PREPARATION OF ACETYLIDE COMPLEXES OF THE TYPE 
M*2 (Pt(CsCP*»)4 J.
P reparation  o f  K2 [Pt(CsCPh ) 4  J. -  B u ty llith iu m  (6 .2 5  cm* , 1 .6  M in  
hexane, 10  mmol) was added dropwise o v e r  20 min to  a s t ir r e d  
s o lu t io n  o f  PhCsCH (1 .2 3  cm* , 10 mmol) in  tetrahydrofuran (1 0  cm* ) 
coo led  to  -7 8  #C . The m ixture was s t i r r e d  fo r  15 min and then 
[P tC l2 (SMe2 ) 2 J (0 .3 9  g ,  1 .0  mmol) was added. The m ixture was 
s t i r r e d  fo r  1 h and a llow ed  to  warm to  ambient temperature. Water 
(3 0  cm* ) was then added and the two r e s u lt in g  la ye rs  were 
separated . The volume o f  the aqueous la y e r  was reduced to  10 cm* . A 
s o lu t io n  o f  KC1 (0 .7 4  g , 10 mmol) in  w ater (5  cm*) was added. The 
m ixture was then s t i r r e d  f o r  1 h. The w h ite  s o l id  product was 
f i l t e r e d  o f f ,  washed w ith  ethanol (20  cm* ) and d ried  in  vacuo over 
P20 5 . Y ie ld  0 .5 1  g ,  76%.
Preparation of K2 [Pt(C5CBut ) 4 J. -  B u ty llith iu m  (6 .2 5  cm* , 1 .6  M in 
hexane, 10  mmol) was added dropwise o v e r  20 min to  a s t ir r e d  
s o lu t io n  o f  Bu^C*CH (1 .2 3  cm* , 10 mmol) in  tetrahydrofuran (1 0  cm* ) 
coo led  to  -7 8  *C . The m ixture was s t i r r e d  fo r  15 min and then 
[PtC l2 (SMe2 )2 ] (0 .3 9  g , 1 .0  mmol) was added and the m ixture was 
s t i r r e d  fo r  1 h and a llow ed to  warm to  ambient temperature. Water 
(3 0  cm* ) was then added and the two r e s u lt in g  layers  were 
separated . The volume o f  the aqueous la y e r  was reduced to  10 cm* . A 
s o lu t io n  o f  KC1 (0 .7 4  g , 10 mmol) in  w ater (5  cm* ) was added and 
the m ixture was then s t i r r e d  fo r  1 h. The white s o lid  product was 
f i l t e r e d  o f f ,  washed w ith ethanol (20  cm* ) and d ried  in  vacuo over
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P20g . Y ie ld  0.450 g , 76%.
P reparation  o f  [ M(PPh3 >2  JgPtiCsCCOgCH^ J. -  Butyllith ium  (6 .25  
cm* , 1 .6  M in  hexane, 10 mmol) was added dropwise over 15 min to  a 
s t i r r e d  s o lu t io n  o f  CH^CO^iCH (0 .92  cm* , 10 mmol) in  
tetrahydro fu ran  (20 cm* ) coo led  to  -78  °C . The mixture was s t ir r e d  
f o r  3 h and a llow ed to  warm to  -40 #C. A f t e r  coo lin g  the m ixture to 
-78 aC, methanol (30 cm* ) was added. The m ixture was then s t ir r e d  
fo r  a fu r th e r  3 h and a llow ed  to  warm to  ambient temperature. The 
volume was reduced to  30 cm* and a s o lu t io n  o f  [ iK P P h ^ ^ C l (1 .2  g , 
2 mmol) in  methanol (20  cm* ) was then added. The m ixture was 
s t ir r e d  fo r  3 h and then the o f f  w h ite  s o l id  product was f i l t e r e d  
o f f  and washed w ith methanol (25 cm* ) and d ie th y le th e r  (25  cm* ) and 
d ried  in  vacuo over P205 . Y ie ld  0.46 g ,  77%.
P reparation  o f  [N fPPhj y 2 [Pt(CsCC02CH2CH3 ) 4 J. -  This was prepared 
using a s im ila r  procedure to  [N(PPh3 ) 2 J2  [Pt(C*CC02CH3) 4 J to  g iv e  a 
cream s o l id .  Y ie ld  0.540 g , 82%.
* .4 .2 .  E lectroch em istry  o f  IC2 [ P t ( CaCPh) 4 ] and K2 lPt(C2CBut ) 4 > 1
A l l  c y c l ic  voltammetry measurements were made using a 
con ven tion al three e le c t ro d e  system w ith  a P t counter e le c t ro d e , 
saturated  calom el (S .C .E ) re fe ren ce  e le c t ro d e  w ith a Pt o r  g lassy  
carbon (O xford  e le c t r o d e s ) ,  working e le c t ro d e .
The p o te n t io s ta t  used was a purpose b u i l t  instrument and 
voltammagrams were recorded  on a Bryan 60000 s e r ie s  X/Y, ♦ 
reco rd e r. A l l  measurements were c a r r ie d  ou t a t room temperature.
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The water was from a M i l l ip o r e  m illiQ  water p u r i f ic a t io n  
system and a l l  e le c t r o ly t e s  were o f  Analar q u a lity  o r  were 
r e c y ry s ta l l is e d  b e fo re  use. A c e t o n i t r i l e  was sp ectroscop ic  grade 
(F ison s ) and fr e s h ly  d i s t i l l e d  from  calcium hydride b e fo re  use.
E.4.3. X-RAY CRYSTAL STRUCTURE DATA
C rys ta l S tru ctu re  A n a lys is  o f  K g lP tiC ^ C B u *^ ]. Data were 
c o l le c te d  w ith  a Syntex P2 j fo u r  c i r c l e  d if fra c to m e te r  fo r  28 in  
the range 50®. Background in t e n s i t i e s  were measured a t  each end o f  
the scan f o r  0 .25 s o f  th e scan t im e . Three standard r e f le c t io n s  
monitored every  200 r e f l e c t io n s ,  showed s l ig h t  changes during data 
c o l le c t io n ;  the data were r e s c a le d  to  c o r re c t  fo r  th is .  Unit c e l l  
dimensions and standard d e v ia t io n s  were obtained by le a s t  squares 
f i t  to  15 h igh  an gle  r e f l e c t io n s .  Refinement used the 3054 observed 
r e f le c t io n s  [ I/ o  ( I )  i  3 .0 ]  c o r re c te d  fo r  Loren tz , p o la r is a t io n  
and absorption  e f f e c t s ,  the la s t  by the Gaussian method. D e ta ils  o f  
the data c o l le c t io n  parameters a re  g iven  in  Table E .4 .3 .
Heavy atoms were lo ca ted  by Patterson  methods and the 
remaining l i g h t e r  atoms by su cces s iv e  Fourier syn theses. The 
platinum atom l i e s  a t  s p e c ia l p o s i t io n  2a, g iv in g  I  m olecular 
symmetry. A n iso trop ic  tem perature fa c to r s  were used fo r  a l l  atoms 
excep t hydrogens which were in s e r te d  a t f ix e d  p o s it io n s  and not 
r e fin ed  (U - 0.07 A* ) .  Methyl g roups were trea ted  as r ig id  CH3 u n its  
w ith  th e ir  i n i t i a l  o r ie n ta t io n  taken  from the H-atom peaks on a 
d if fe r e n c e  Fou rie r  syn th es is . I t  was found th at th ree  o f  the carbon 
atoms in  one o f  the te r t - b u ty l  groups were d isordered , each having 
two p o s it io n . T h e ir  lin k ed  occupan cies  were r e fin ed  as a s in g le
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popu lation  param eter. F in a l refinm ent o f  F was by cascaded le a s t  
squares methods. A w e igh tin g  scheme o f  the form W ■ l/ (o * (F )  + 
g (F* ) was a p p lied . Computing used SHELXTL (S h e ld r ick , 1983)343 on a 
Data General DG30. S c a t te r in g  fa c to r s  in  the a n a ly t ica l form and 
anomalous d ispe rs ion  fa c to r s  were taken from the In tern ation a l 
Tab les (1 9 7 4 ).344
Su itab le  c r y s ta ls  o f  compound K2 [Pt(CsCBut )4 ] were obtained 
by r e c r y s ta l l is a t io n  from water/potassium hydroxide. The c ry s ta ls  
formed were c o lo u r le s s  p la te s  but immediately lo s t  so lven t on 
exposure to  a i r .  The c r y s ta l  was mounted in  a Lindermann tube in  a 
w ater-satu rated  atmosphere.
T ab le  K .4 .3 C rysta l Data and Data C o lle c tio n  Conditions
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Compound (K 2Pt(C=CBut ) 4J.28H20
Formula C24H36K2P t -28H2°
C rystal System Monoclinic














C rysta l s iz e  /m m 0.053 x 0.042 x 0.042
Scan Range about K -  K _/•
iu a df -0.95/♦0.95
R e fle c tio n s  c o lle c te d 5199
R e fle c tio n s  observed ( l / o I & 3 . 0 ]  3054
Weighting constant: g 0.000003
R ( f in a l ) 0.0602
R ( f in a l ) 0.533
Max. on f in a l d i f fe r e n c e  fo u r ie r ♦ 1.8 8
Min. on f in a l d if fe r e n c  fo u r ie r -3 .15
Max i / o  ( f in a l  c y c le ) 0.35
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